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Organisations invest in the acquisition of technology to improve the efficiency of their 
operations. One such organisation is a South African based freight railway company that 
invested in train authorisation and railway condition monitoring technology to improve the 
safety of running of trains and to ensure timely delivery of customer’s goods. It is imperative 
that the acquired technologies serve the purpose that it was acquired for and is of good quality 
to mitigate train delays and cancellations due to technology failure.  
 
Studies have revealed that to improve the quality of technology, effective verification and 
validation (V&V) best practices must be implemented during the system development life 
cycle of the technology. To detect and remove defects early, verification and validation need 
to be started as early as during requirement definition stage and carried out at each 
subsequent development stage. One of the challenges faced by the railway company is that 
poor quality technology is acquired and released into operations with inherent defects that 
were not detected during V&V. The objective of this study is to identify areas of improvement 
in the railway company requirement V&V processes. 
 
To achieve this objective, a mixed case study with qualitative and quantitative data collection 
was selected as the best research method. Firstly, the literature was surveyed to identify V&V 
best practices. A quantitative questionnaire with the identified V&V best practices was then 
administered to the railway company personnel involved in the acquisition of the railway 
technology. Qualitative data was conducted through the analysis of the railway company 
documents like requirement specifications and test reports. The purpose of both qualitative 
and quantitative data collection was to determine if the identified V&V best practices in 
literature were being performed by the railway company during system development. 
 
Findings of both qualitative and quantitative data analysis revealed that the railway company 
does perform majority of the V&V best practices identified in the literature. The identified 
areas of improvement were review activity, and maintenance and operation activity. The 
results of this study can provide valuable guidance to improve V&V processes to 
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1 Chapter 1:  Introduction  
Organisations are continuously investing in the development of new technologies to increase 
efficiency and productivity. In most cases, these technologies are reliant on software and 
hardware to function properly. When the software or hardware does not function properly the 
technologies fail which can lead to operational downtime. This can have severe effects on 
the company as production is lost. Software or hardware failure is an indication of inherent 
defects in technology that was introduced at some point during its development.  
 
Software Development Life Cycle (SDLC) is a process of developing high-quality software 
that meets customer requirements [4]. The process is composed of various stages; namely 
requirement gathering and analysis, design, implementation or coding, testing deployment, 
and maintenance [4]. From the stages mentioned, the requirement gathering and analysis 
also known as the requirement engineering stage, is known to be the most critical, difficult, 
and complex as it is responsible for the success or failure of a software-based product [5], 
[6]. 
 
Requirement engineering (RE) is a discipline within a system engineering environment that 
has the main responsibility of determining the goals, functions, and constraints of software 
and hardware systems [6]. It can be further clarified that RE is a systematic approach that a 
requirement engineer or analyst uses to collect needs/requirements from various sources 
and ensures that they are implemented into the product development process [7] .  
 
The chaos report [8] revealed that about 44% of failed software projects failed because they 
had insufficient requirement engineering practices. In most software engineering projects, RE 
is often overlooked in SDLC because it is not perceived as real work, customers and project 
managers also measure the progress being made when they see that ‘programming’ has 
begun [5]. This is unfavourable approach because insufficient requirement engineering 
practices will lead to gathering defective requirements, and these defects will be carried over 
to other stages of SDLC immaterial of how good those stages are [6].  
 
The later the defects are detected in the SDLC, the more costly it becomes to correct the 
defects and the outcome will also be a product that does not satisfy customer needs [6]. It 
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requires approximately 200 times more effort to fix defects when the product is in the 
maintenance phase than when it is in the requirement specification phase [9].  
 
A requirement is a customer or user's needs or conditions that must be met by a product as 
detailed in the specification documents [10]. Hence, a requirement is not met or satisfied 
when a product has defects. Defects can be introduced or not detected if an effective 
requirement engineering process is not utilised, resulting in defective products being 
delivered to a customer [11]. The requirement engineering process is composed of the 
following stages: requirement elicitation, requirement specification, requirement verification 
and validation, and requirement management [12].  
 
To produce quality products that meet customer needs, it is suggested that verification and 
validation techniques be used during the development life cycle of a product [13]. Verification 
and validation (V&V) can be defined as techniques that can be used to confirm that products 
or systems satisfy specifications and fulfil the purpose they were intended for. The two 
concepts of V&V are often used interchangeably as though they are conducted concurrently 
[13], hence they must be defined to provide clarity. 
 
Verification is a process of confirming that specified requirements have been fulfilled through 
the provision of objective evidence [9]. The main objective of verification is to address or 
confirm if the system satisfies the design requirements [7].In essence verification guarantees 
that; system specification, processes, and designs are fully compliant with the stated 
requirements, which is the “ you built right” confirmation [14,p. 4.13].  
 
During the verification process, some activities are conducted to compare a system or its 
elements to a set of required characteristics [9]. The verification process assists in exposing 
anomalies (e.g. errors, defects, or faults) in system documentation (e.g. requirements 
specifications, system architectural designs), life cycle processes, and implemented system 
elements by using relevant system verification techniques, standards, and methods [15]. The 
information gathered during verification is used to find solutions to the highlighted anomalies. 
Verification is often an internal process which is in contrast to validation [13]. 
 
On the other hand, validation is more user or customer concerned, as it is the process of 
ensuring that stakeholder requirements, which are intended for specific use or application 
3 
 
have been satisfied through the provision of objective evidence [9]. In simple terms, validation 
ensures that; the product that is being developed, is what the user or customer wanted [16], 
and that the product will perform as expected in its intended operational environment [9]. This 
definition gives the impression that the validation process is conducted at the later stage of 
the product development life cycle when the ’as-built’ product is handed over to the user or 
customer [9]. This is not the case because validation occurs throughout the development 
process [9]. 
 
The definitions above highlight an important factor, which are verification of a ’requirement’ 
or validation of a ’requirement’ and not verification or validation of a system. This highlights a 
view shared by Sparrius [9, p. 5] that; “it is never a system that is verified or validated but its 
requirements”. A different view is held by Wheatcraft [17], who states that it is a sytem that 
needs to be verified and validated to prove that stakeholder needs are satisfied. The view 
supported in this paper is that of Sparrius [9] because in general terms; a system can be 
defined as all that is needed to satisfy a set of requirements from stakeholders [9]. Hence by 
verifying or validating requirements, you are in turn verifying and validating the system. 
1.1 Background 
This study is focused on a railway company that is one of the largest state-owned railway 
companies in South Africa responsible for transportation of freight along its rail network both 
locally and for exports [1]. At this organisation the railway system is composed of rail 
infrastructure and rolling stock. The infrastructure is composed of railway track, catenary, and 
signalling. Rolling stock is composed of locomotives and wagons which carry the freight. It is 
imperative for all these railway systems to always be in good condition for trains to run safely 
and on time [2].It has subsequently become a major requirement for railway operators to 
invest in maintenance and condition monitoring of these railway systems [2] through the use 
of technology. To achieve this, there needs to be continuous development and improvements 
with regards to on-board computers, on-board condition monitoring technology, trackside 
condition monitoring technology, and wireless transmission of data measured by these 
technologies systems [2].    
 
The railway company under study invested in the development and acquisition of railway 
technologies that have some of the benefits described below [3]: 
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 Detection of any rail defects that can delay the running of trains or lead to 
derailment (e.g. broken rail, rail stresses) 
 Detection of any defects on the locomotives and wagons that make up a train 
consists (e.g. hot bearings, wheel profile monitor.) 
 Track and trace of a train so that the railway company always knows where its 
consignment is. 
 Speed monitoring and Signal Passed at Danger equipment on-board the 
locomotives 
 Driver and train identification. 
 
These technologies provide considerable benefits to the railway company, as highlighted 
above, but often the technologies are unavailable to the users due to multitude failures. The 
failure, defects or unavailability of the technologies has negative effects which often leads to 
train delays, cancellations, or derailments. The defects in these types of equipment are not 
detected during the requirement V&V process when the equipment is being developed, which 
is the problem this study is aiming to investigate. 
1.2 Problem statement 
The railway technologies as described above are regarded as embedded because they are 
composed of software and hardware components which are integrated to perform a specific 
function. The software or firmware is normally based on windows embedded, Linux, operating 
systems, and microcontroller systems. The hardware is composed of digital and analogue 
electronics, and sensors mounted on the railway track or inside the locomotives. The rail 
company’s engineers are responsible for the development of the requirement specifications 
for the equipment (software and hardware). The requirement specifications are then supplied 
to an external company (contractor) through a tender acquisition process for the development 
of the equipment. The railway technologies are then tested, accepted, installed, and released 
into operation, with the expectation that defects have been detected and addressed. This is 
often not the case because the equipment is often released into operation with undetected 
defects, this means that poor quality products were accepted. 
 
Defects can be injected at different stages during the system development life cycle [18]. 
Figure 1 below highlights that defects can be introduced as early as the requirement definition 
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stage, hence it is important that defects are addressed early from the beginning of 












Figure 1: Defect injection activities during lifecycle development [18] 
 
To improve the quality of products developed, researchers have stated the following: 
 The quality of a product is dependent on the verification and validation activities 
that took place when that product was being developed [19].  
 Quality is achieved through the use of verification and validation activities 
throughout the stages of the product development process [20]. 
 To improve defect removal effectiveness, verification, and validation activities 
need to be integrated into the product development process [13].  
 
Taking these discussions into consideration, the main problem the study is investigating can 
be stated as follows: 
 
Ineffective requirement verification and validation practices contribute to defective 
products being released into the operational environment.  
1.3 Research objectives 
This research evaluates requirement verification and validation ’best practices’ that according 




development life cycle. An inquiry is then conducted to determine if the identified verification 
and validation best practices are being performed by railway Company X during product 
development. The main research objective of this study is:  
 To identify areas of improvement in railway Company X’s requirement verification and 
validation processes. 
1.4 Research questions     
Taking into consideration the discussions in the above sections, this research aims to answer 
the following questions: 
 What are the requirement verification & validation ‘best practices’ that contribute to 
quality products being delivered? 
 What gaps are in the current verification and validation process used by the railway 
company? 
1.5 Significance of this research study 
Most of the research on the selected topic of requirement verification and validation is based 
on studying organisations that are responsible for the actual development (contractors) of the 
software and not the client or the customer. This study aims to close this gap by exposing the 
verification and validation practices in requirement engineering from the perspective of the 
customer or acquirer being the rail company. The information gained from this study shall 
assist the railway company and other organisations involved in product acquisition to improve 
requirement verification and validation processes. 
1.6 Research process 
The research process as shown in figure 2 below was followed to address the research 
questions. The study follows a structured step by step research process whereby the first 
step is the identification of the research problem and objectives. The next step is then to 
conduct a detailed literature study on the available research material sources like journals, 
articles, textbooks, conference papers, and websites to determine what has been said by 




The literature review is then used to determine the suitable methodology and data collection 
methods (e.g. qualitative, quantitative, and/or mixed) to address the research question. The 
chosen methodology is then used to collect the required data. The data is then analysed to 
draw conclusions based on the research questions. 
 
Figure 1: Research process [21] 
1.7 Research design and methodology 
Research design can be defined as a plan that is used to inform how to go about answering 
the research questions [21]. This study is concerned with an in-depth understating of the 
requirement verification and validation process of railway Company X, hence a case study 
was chosen as a research methodology. A case study research methodology was chosen 
because a case analysis is conducted to understand a particular process [21]. The case study 
is to be implemented through the use of a mixed data collection method which entails using 
a quantitative questionnaire as the primary data collection method and qualitative document 
analysis as secondary data. 
 
To address the first research question, a detailed literature review is conducted to evaluate 
and identify the requirement verification and validation best practices that contribute to 
producing quality products. A list of the most common best practices found in literature is then 
compiled. To address the second research question, the list of the best practices identified 
through the literature review is compiled into a structured questionnaire that is administered 
to railway Company X’s employees. Additionally, the list of the best practices is also used to 
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conduct a comparison with documents from railway Company X documents. The findings are 
then analysed to enable the researcher to draw conclusions. 
1.8 Research scope and limitations 
This research is limited to only the internal personnel of the railway Company X under study. 
The external contractor's personnel are excluded from this study, due to the accessibility of 
the required research data that is needed.   
1.8.1 Research assumptions 
The study is conducted by using a group of people who have been exposed to requirement 
engineering and railway systems either as developers, project managers, requirement 
engineers, system engineers, maintenance personnel, or users and system testers of railway 
equipment. 
1.9 Document outline 
Chapter 2 conducts a literature review on what has been studied and published before by 
other researchers in the requirement verification and validation domain. The focus of the 
literature review is guided by the research questions. The chapter commences by defining 
what a requirement is, a detailed explanation of verification and validation, then proceeds to 
outline requirement V&V processes and practices in detail.  
 
Chapter 3 details the research design that was used for the study which includes discussions 
on the motivation for the chosen research strategy, how the population of the study was 
selected, and sampling procedures. The chapter further details the data collection method 
used, analysis methods, and the reliability and validity of the data collection tool utilised. The 
best research method suitable for this study was chosen to be a case study. Chapter 4 
presents the results of the study that was conducted on the chosen population as well as the 
document analysis. The results of the questionnaire and document analysis are analysed and 
thoroughly discussed. Chapter 5 details the conclusions and recommendations from the 
research study. The chapter highlights key aspects of the findings and informs the reader if 
the research questions have been answered. 
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1.10 Chapter summary 
In this chapter, the researcher identified a problem in the requirement engineering process 
that is experienced by one of the railway companies (Company X) in South Africa. To give 
insights into the company and the problem, a brief background was provided. The problem 
was broken down into research questions and objectives. The research questions aimed at 
evaluating and identifying requirement verification and validation best practices that lead to 
quality products being produced. Identifying these best practices can assist the railway 
company to improve on their current requirement engineering process to produce quality 
products that are released into service. To gain an understanding into the requirement 
engineering process, and thereby understand the requirement verification and validation best 
practices, a thorough literature review was conducted. The next chapter presents a detailed 




2 Chapter 2: Literature review 
2.1 Introduction  
This chapter presents an in-depth literature review on requirement verification and validation 
practices to deepen the understanding of this process so that research questions can be 
addressed. The study of the literature has been divided into different sections; firstly, 
requirements are defined in order to understand comprehensively what a requirement is and 
its characteristics. The next section then provides an overview of verification and validation 
as they are the main focus of this study. The third section details the verification and validation 
practices where the processes, development model, methods, and case studies are 
discussed. The final section provides a summary of the identified best practices in a tabular 
format. It must also be noted that throughout the document, in some instances, verification 
and validation shall be referred to using the abbreviation V&V. 
2.2 Requirements  
Researchers have defined a requirement as: 
 “A statement that identifies a capability, characteristic, or quality factor of a system 
in order for it to have value and utility to a customer or user” [5, p. 1]. 
 “A statement that identifies a product or process operational, functional, or design 
characteristic or constraint, which is unambiguous, testable or measurable, and 
necessary for a product or process acceptability (by consumers or internal quality 
assurance guidelines)”[22, p. 9]. 
 “A statement which translates or expresses a need and its associated constraints 
and conditions” [15, p. 8] 
 
The definitions above highlight that for a requirement to exist, there needs to be a statement 
that describes the characteristics or capability of a system or product that satisfies the needs 
of a customer or consumer. It is said by Sparrius [9] that, for these statements to be regarded 
as requirements, they need to meet the “requirements of a requirement” [9, p. 800]. This 
means that; the statements need to be; necessary, implementation free, unambiguous, 
consistent, complete, singular, feasible, traceable, verifiable, and concise [7], [9], [23]. There 
are different types of requirements such as; stakeholder requirements, system requirements, 




Stakeholder requirements can be defined as the capabilities of a system that is required by 
a group of stakeholders or a certain stakeholder [24]. Stakeholders can be classified into 
various types like system users, maintainers, operators, regulators owners or acquirers [25], 
[26]. System requirements are normally detailed in the system specification and describe the 
characteristics of the system [26]. There are different types of system requirements as 
described below: 
 Design to requirements: Functional requirements that describe the behaviour or 
operation of the system, through a certain development process, these can result in 
built to requirements [9]. 
 Build to requirements: These are almost physical requirements that can describe 
looks, material compositions, form, fit amongst other things [9], 
 As-built characteristics: These are the results when the ‘build to requirements’ are 
realised [9]. 
 
Another important factor to be considered is that a system is considered to be everything 
(people, products, processes) that may be regarded as necessary to provide the capability to 
satisfy the stakeholder requirements [9], [27]. When stakeholder requirements are satisfied, 
it can be said that the final product is of good quality as it is accepted by the customer or user 
as per stipulated quality guidelines, this statement is made with consideration of requirement 
definition (second bullet above). 
 
It can be further elaborated that quality is determined by the extent to which the inherent 
characteristics of a particular product meet or satisfy the requirements. The term inherent is 
used to highlight the fact that, when the product is delivered to the customer or user, that 
characteristic must already be in existence. There are various characteristics that any given 
product can have to satisfy the requirements such as; functional, physical, sensory, 
ergonomic, temporal, and behavioural [28]. A product that does not satisfy or meet 
requirements as per its intended use is said to be of poor quality or defective [28]. This 
statement is also supported by IEEE1044-1993 [29] as the document defines a defect as 
deficiencies that causes a product not to meet its specifications or requirements, requiring 
the product to be repaired or replaced. Hence, it is important to look at a defect to understand 




 Figure 3 below highlights the life cycle of a defect during the development of a product, it 
shows that a defect can be inserted, detected, and removed. When defects are inserted, the 
requirements of the customer might not be fully satisfied, and the product will have poor 
quality. For defects to be removed, they need to be detected first. There are processes that 
can be used to detect defects like the requirement verification and validation processes.  
Detected RemovedInserted
 
Figure 2: Defect life cycle Unified Modelling Language ( UML) state diagram [29]  
 
Verification and validation processes are used to determine and assess if the developmental 
activities of a product at certain development stages satisfy the intended product 
requirements and intended user needs which can assist in building quality into products 
during its development life cycle  [30]. 
2.3 Overview of verification and validation 
Figure 4 below highlights the concepts of verification and validation (V&V) during product 
development stages indicating that; V&V are not events that are conducted once off. There 
is a misconception that the V&V activities are conducted at the end of the lifecycle when the 
product or system is being accepted [31]. Verification and validation  are continuous 
processes that are conducted throughout the lifecycle of the product development, and are 
set in motion from when the stakeholder’s needs are identified, during requirement stage, 
continuing through the design stage and up to delivery of the product or system to the 





Figure 3: Verification and validation processes [23] 
 
The terms verification and validation are commonly used interchangeably as if they mean the 
same thing, and this is not the case [31].To provide clarity, the definitions of the concepts are 
discussed below.  
2.3.1 Verification definitions and discussions 
Verification is defined as; “confirmation through the provision of objective evidence that 
specified requirements have been fulfilled” [28: 15]. The definition highlights an interesting 
view that objective evidence is needed to determine if a product conforms to the requirements 
in terms of correctness, accuracy, consistency and completeness during the lifecycle [30]. 
Therefore, the question raised is, what is this objective evidence that is needed?  To answer 
this, firstly one needs to comprehend the meaning of the phrase objective evidence, which 
can be simply stated as the data that supports that something exists [28]. This means that for 
the verification process to be completed, data must be collected by some data collection tool 
or process. Some standard tools or processes that can be used to collect this data are 
inspection, observation, analysis and tests [31], collectively these are referred to as 
verification methods and they are described in detail in the sections below. 
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These methods can be used at various stages of the product development lifecycle and they 
assist in determining if a product is being built right, which is a major characteristic of the 
verification process. This can be observed in figure 4 above, which displays the verification 
feedback output at each stage during the product development lifecycle, that looks at the 
requirements of the previous stage and determines if those requirements have been satisfied 
and if the next stage of development can be initiated [30]. This continuous process assists in 
building the product right because the verification process is said to assist in identifying errors, 
defects, or faults (anomalies) during the product development lifecycle.  
 
Whilst it is important to build the product right, it is equally important to build the right product. 
This statement comes across as a play on words, but it is a pertinent statement - building the 
right product is the validation process as described below. 
2.3.2 Validation definition and discussions 
Validation is defined as; “confirmation through the provision of objective evidence that the 
requirements for a specific intended use or application have been fulfilled” [28, p. 15]. A 
cursory look at this definition gives an impression the definition is the same as that of 
verification. However, when one zooms into the definitions and identify key terms, differences 
become evident. The key term or phrase on the validation definition above is ‘specific 
intended use or application’; and on the verification definition, the key term is ‘specified 
requirements’. The specific intended use can be further clarified by noting that validation 
ensures that a product accomplishes the intended use in the intended environment [32]. This 
means that validation is more concerned with satisfying the customer and stakeholder needs 
or expectations [32], as  can be observed in figure 4 above.  
 
As stated before, validation addresses the issue of; did we procure the right product that can 
meet operational needs in the user environment? On the other hand, verification is said to be 
more concerned with ensuring that the ’shall’ requirements on the specification documents 
are satisfied [32]. 
 
Hence, both, verification and validation needs to be performed at each stage of the product 
development life cycle; stakeholder or user needs stage, requirement definition stage, design 
stage and the final system stage [32], [23]. This begs the question; if a final product has not 
been obtained, how can one now validate stakeholder or user needs?  Hence, it is 
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recommended that phased products (models) be used at the various stages of development 
[32]. Validation also employs methods such as inspection, observation, analysis and test to 
ensure compliance and detection of anomalies. 
 
Anomalies or failures in product development are inevitable, but they can be reduced or 
detected by using the methods of V&V processes described above. To put the descriptions 
of V&V above into context, an article by Bahill and Henderson [33] about famous failures 
(described below) that might have occurred due to neglect of V&V by the system engineers 
during product development is presented. It is important to note that the authors do not only 
attribute the failures to the V&V processes but as one of the number of factors that may have 
contributed. 
 
The first case presented in the article is that of the RMS Titanic. This was one of the largest 
ships afloat at its time that sank due to a collision with an iceberg en route to New York City 
around April 1912 [34]. Investigations to uncover the reason the ship sank after colliding with 
the iceberg, determined that one of the contributors to failure on collision was that the rivets 
holding the ship hull failed [33]. The scientist doing investigations determined that the rivets 
used were of poor quality [34]. This indicates that the ship was not ’built right’, and this is a 
classic example of poor verification [33]. The rivets form part of a requirement and, these 
needed to be verified by some verification method that they could withstand an impact such 
as a collision with an iceberg. 
 
Another example discussed in the same article is that of the Concord Supersonic Transport 
(SST) aeroplane built by Britain and France in the 1960-1970s [35]. One of the main business 
or user requirements of the airplane was that it was to be the first supersonic commercial 
passenger-carrying aeroplane [35]. The aeroplane did not achieve commercial success 
because its use was limited due to excessive noise and operating expenses [35]. The 
aeroplane is said to have failed the validation process as it did not make a profit as a 
commercial airplane, which was one of its main purposes, and also it did not operate well in 
its intended environment of use because of characteristics like excessive noise [33]. 
 
These examples highlight the importance of conducting V&V effectively to avoid major 
failures of products that can lead to financial loss, credibility or loss of life. Effective V&V 
involves understanding what needs to be verified and validated and the processes involved.  
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2.3.3 What is to be verified and validated?  
It is often confusing to home in on exactly what is to be verified or validated, is it the system 
or is it the requirements? To clear this confusion, it is recommended that modifiers be added 
to the terms and used in the correct context they are intended for [23], modifiers such as; 
requirement verification or requirement validation, design verification or design validation, 
system verification or system validation. A research paper by Sparrius [36] provides clearer 
insights. 
The research method applied in the paper was to conduct a detailed content analysis of 
literature on verification and validation, this included international quality and system 
engineering standards and textbooks [36]. The analysis was conducted in a tabular format, 
and the results revealed that all the standards and books conclude that it is always a 
requirement that needs to be verified or validated, as opposed to the system [36]. 
 
Since the standards and textbooks are clear that it is a requirement that needs to be verified 
then a follow-up question should be considered, what should the unit of analysis be to provide 
objective evidence that a certain requirement of interest has been verified/ validated? [36]. It 
is suggested by Sparrius [36] that a unit of analysis could be the system of interest itself (as 
built) [36]. This point is highlighted because it stated that; the main purpose of verification is 
to provide evidence that a system of interest satisfied its specified requirements or 
characteristics [15]. Additionally, it is stated that the main purpose of validation is to provide 
evidence that when a system is being used it fulfils its stakeholder requirements [15]. 
 
It is argued by Sparrius [36] through content analysis of V&V literature that the as-built system 
cannot be the only unit of analysis, because the ‘as-built’ characteristics can only be available 
later in the development lifecycle when a prototype is available and this will be too late to 
provide value if requirements are not satisfied. During system development stages like 
stakeholder needs definition, requirement definition and design stage, there will be useful 
outputs like; stakeholder requirements or needs, design-to requirements and build-to 
requirements which can be analysed [23]. As-built characteristics can only be obtained when 
the system is developed and utilised. Hence the requirements like design-to requirements, 
build-to requirements, and ‘as-built’ characteristics at the relevant stages of the development 




From the discussion above; the concluding point is that only requirements can be verified and 
validated and not the system because a system is only made up of its requirements. 
Requirements are verified and validated incrementally at different product development levels 
such as component, subsystem and system. Certain V&V practices must be followed at these 
different levels to ensure quality products are produced. Various literature [25], [30] highlights 
that V&V practices are carried out following a Vee-developmental model (discussed below) 
where requirements are verified and validated, from stakeholder definition until the product is 
in operation. 
2.4 Verification and validation practices 
2.4.1  The Vee-diagram 
Figure 5 below presents a system development life cycle model referred to as the V-model 
in the system engineering domain. The V-model demonstrates the concept of V&V of a 


































System Life Cycle Model
Engineering “Vee” Model
 
Figure 4: Verification and validation and the system engineering "V" model [23] 
 
The left side of the V-model follows a top-down development approach where the 
requirements are being developed and the system is designed [23]. During this period the 
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project is started and the stakeholder needs are identified and documented. The stakeholder 
needs are then transformed into system requirements. The system requirements are then 
verified and validated against the stakeholder requirements (figure 5 above). This iterative 
process continues until all the requirements of the product at, different levels, are verified and 
validated [23]. 
 
The right side of the V-model follows the bottom-up approach where the various components 
or subsystems of the system are developed, integrated, verified and validated.  The unit or 
component is developed and built (figure 5 above), this component is then verified against 
the unit or component requirements [23]. The components are then integrated to result in a 
subsystem. The subsystems are then verified and validated against the subsystem 
requirements. This process is iterative until the final product is developed, produced and 
validated against stakeholder needs.  
 
The process produces documented, objective evidence that the final product produced 
satisfies stakeholder needs. The customer grants the final approval through acceptance tests 
indicating that the product meets their needs in the operational environment and hence 
accept the product [23]. 
 
The advantage of using the V-model is that it ensures requirements are verified and validated 
at various stages of a product lifecycle to produce a quality product. It has also been noted 
that the V-model does have some disadvantages. Bryan [37] posits that one of the 
disadvantages of the V-model is having to re-visit the earlier phases [37]. Another 
disadvantage noted  is that at times the development process is delayed because it takes a 
prolonged time to produce V&V test plans, and defects are sometimes missed due to limited 
personnel and skill [38]. Consequently, this prevents V&V from being conducted 
comprehensively to save time, which would then ultimately affect the quality of the product. 
 
To address some of these issues, at some point during the V-model development, some 
system acquirers employ an independent contractor to come and assess the work done. 




2.4.2 Independent verification and validation  
Independent Verification and Validation (IV&V) is when an independent contractor is brought 
by the system acquirer to assess if the system being developed meets the requirements [39]. 
The main function of the independent verifier is to ensure that the project development 
throughout its development life cycle from requirements definition, design  operation and 
maintenance meets the overall project requirements [40]. The IV&V process can be classified 
into three categories [30]: 
 Technical independence: This is when the technical reviews are conducted by 
personnel that are not involved in the design and development of the system to bring 
in a fresh perspective in detecting errors that might have been missed by the system 
designers and developers.   
 Financial independence: This entails the budget of the V&V effort being managed by 
an independent organisation other than the one developing the solution. 
 Managerial independence: The management of the V&V process is outsourced to 
an independent organisation from the one developing the solution. 
 
An IV&V enhances the output of the internal V&V processes of organisations developing the 
solution because this process can highlight anomalies and problems without bias which could 
have been missed. However, the IV&V does come with challenges, as at times the acquirer 
has the impression that the IV&V organisation is not identifying sufficient deficiencies [38]. 
Hence there is a need for favourable alignment between the acquirer and the IV&V 
organisation with regards to defined objectives and outputs of the process [39]. One of the 
strategies that can be incorporated by an organisation to improve their V&V processes is 
IV&V [30]. 
2.4.3 Verification and validation processes 
The main purpose of the V&V process is the development and management of the V&V plans 
and to direct all the V&V efforts to be conducted according to the plan [30]. Development of 
a product according to these processes ensures that the technical objectives are met and 
that the system can sustain its operational role during its life cycle.  
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2.4.4 Verification process 
Certain activities that need to be conducted during the verification process are supported by 
inputs such as controls and enablers. The process is concluded by having certain outputs as 
highlighted in figure 6 below.  
 
Figure 5: Context diagram for the verification process [14] 
2.4.4.1 Verification process activities 
As illustrated in figure 6 above, the first step is that the verification strategy or plan must be 
defined. This strategy must clearly define the scope of what is to be verified against the 
specified constraints on the requirements documents, as well as the  selection of verification 
methods to be used [15]. The verification must prove compliance to the requirements. The 
verification procedures that will be used to perform the verification must also be defined and 
this includes defining the schedule to perform verification at the appropriate project life cycle 
with expected results [15]. The verification results must then be analysed, reports produced 
and corrective actions must be determined to address anomalies identified.   
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2.4.4.2 Verification process inputs 
These inputs are items like the system requirements, system design architectures, and 
elements of the system to be verified (e.g. documents, actual product, mock-up, model ) [15]. 
It is important to note (figure 6) that this process takes system requirements and not 
stakeholder requirements as inputs, Other documents that are needed are the requirement 
traceability matrix and the verification criteria to be used [14].  
2.4.4.3 Verification process - controls and enablers 
To enable the successful implementation of each verification procedure, it is essential to 
include control mechanisms and determine the enablers. The controls include configuration 
documents, project procedures and processes put in place, agreements between various 
stakeholders, organisation policies. The type of enablers needed (qualified personnel, 
simulators, emulators, testing environment condition, facilities) must also be determined. 
2.4.4.4 Verification process outputs 
These include documentation that detail the results of the verification anomalies identified 
and the recommended remedies proposed for design changes. It also includes evidence that 
the system requirements have been satisfied, or that the product developed complies with 
requirements, if not; a non-compliance report is provided highlighting the deviation (an 
example of a control mechanism) [32]. A requirement verification matrix must also be updated 
to keep track of verified requirements. The verification processes, criteria, methods or 
procedures must also be analysed to determine if they were adequate to provide the required 
results, if not, these procedures must be re-looked at and improved [32]. 
 
Hence, the verification process is mainly concerned with confirming that elements of the 
system of interest meet the system requirements whereas the validation process is more 
concerned with meeting stakeholder requirements [32]. 
2.4.5 Validation process 
Repetitive clarifications of the items (controls, inputs, enablers, outputs, activities) as per the 
verification process section above would be superfluous, hence only clarification on the 




At the very beginning of the project during stakeholder requirements definition, the validation 
criteria and validation methods must be clearly defined, and agreed upon, by the various 
stakeholders [15]. These must be used to validate the various operational states of the 
system and provide confidence that the installed system performance is as required. The key 
distinction here is that it is the stakeholder requirements that are required as input. The 
integrated system or product is released and used as an input to be validated against the 
stakeholder requirements in the intended operational environment, whereafter the 
stakeholder’s acceptance is obtained [14]. The key output from the validation process is that 
the approved system baseline must be signed off. What is key from the V&V processes is 
that V&V methods/ procedures must be used at various stages of development to ensure that 
stakeholder requirements and system requirements are satisfied [14].  
2.4.6 Methods of verification and validation 
There are four main V&V methods; inspection, analysis, demonstration and tests that have 
been defined in the literature [14], [30], [38]. It is important to note that the application of the 
methods is similar for both, verification and validation. A summary of the methods is provided 
below.  
2.4.6.1 Verification by analysis  
Verification analysis is undertaken to confirm theoretical compliance to requirements by using 
simulations, mathematical models, and analytical techniques under defined conditions [25]. 
This method is used when testing realistic conditions is not possible, when prototypes are not 
available or the cost is astronomical [25]. In the context of verification by analysis, a model is 
regarded as a mathematical representation of reality and that  simulation is regarded as 
manipulation of a model [32]. This analysis method may be used when it can confidently be 
determined or deduced that the desired requirement or specification shall be satisfied.   
2.4.6.2 Verification by inspection  
Inspection is a visual or dimensional examination method that is non-destructive and can be 
used to confirm compliance to a requirement by examining an item against applicable 
documentation [14], [25]. It can be conducted by measurements, touching, hearing, sight,  
mechanical and electrical gauging [32]. This method is usually concerned with verifying 
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physical characteristics that can be determined by observation and examination like; weight, 
construction features, paint colour or workmanship [25]. 
2.4.6.3 Verification by demonstration  
A demonstration of the product or system would qualitatively confirm the functional capability 
(of the product or system) with minimal use of testing equipment or instrumentation [30]. This 
method is different from testing as there is no detailed data gathering. Check sheets can be 
used to confirm system compliance to the pre-determined stimulus by the supplier or that the 
operators can achieve their tasks by using the system [25]. This method may be used if the 
requirements are that of reliability, availability, maintainability or human factors [14]. A typical 
example can be to prove compliance to ‘mean time to repair’ (MTTR) requirement of certain 
hours [9]. A stipulated number of faults can be introduced and a time record can then be 
made on how long it took to repair the faults. If the agreed-upon number of faults are cleared, 
then requirements shall be satisfied [9]. It is important to state who the witnesses will be, as 
well as special resources and instrumentation that will be required for this activity. 
2.4.6.4 Verification by test  
This is to qualitatively verify compliance to requirements by analysing data that was collected 
by using specialised instruments and tests conducted on submitted elements like prototypes, 
breadboards or final products [32]. These tests are conducted by using controlled operational 
or environmental conditions that are real or simulated [30]. It is important to determine who 
will be witnessing or conducting the tests, the environmental conditions of the test, test plans, 
data to be collected, testing tools, equipment and the test facilities, and how the data being 
collected will be analysed. 
 
Understanding the limitations of the testing methods is important to clear doubts on whether 
the requirement has been fully satisfied or not. At times it is not possible to wholly use the 
test or demonstration methods to verify conformance to all the operational and environmental 
conditions. This can be achieved by applying the analysis method to verify compliance to 
address the limitations of test and demonstration methods. Analysis can be used to add on 





These methods described can be used in various stages of product development to confirm 
compliance to requirements, for instance, they can be used during qualification and 
acceptance testing. 
2.4.7 Qualification and acceptance tests  
2.4.7.1 Qualification tests 
The implemented system requirements are tested for compliance to ensure that the system 
is ready for delivery [41]. The test is often destructive in a sense that it is conducted on the 
requirement’s worst-case environment or the requirement’s end-of life state. Accelerated 
ageing can be used to achieve the end-of-life state [9]. Qualification is usually conducted 
once during the product development lifecycle [32], either during validation or verification 
processes using the methods described above. 
 
For example, qualification by demonstration or test can be used to validate a mission or 
stakeholder requirement by examining the derived system’s ‘build-to requirements’ using a 
physical system prototype [36]. The results of evaluating the ‘as-built’ characteristics of the 
system prototype can be used as objective evidence that the mission or stakeholder 
requirement has been met. On the other hand, qualification by test, inspection or 
demonstration can be used to verify the system’s design-to requirements by examining the 
derived system ‘build-to requirements’ from various elements [36]. The ‘as-built’ physical 
characteristics of the integrated element prototypes can be used to provide objective 
evidence that the system’s design to requirements’ have been met. 
2.4.7.2 Acceptance tests 
These are technical tests conducted by the product acquirer for the user to accept the system 
based on compliance to the requirement specifications [38]. Basically, these tests can be 
used to determine if the system can change ownership from developer to acquirer [14]. The 
tests are conducted when the requirement is on its beginning of life state under a nominal 
user operational environment or conditions [9]. During this period, the problems or defects 
that are identified are captured and communicated to the product developer to be addressed 
by them [14]. The tests are conducted using Acceptance Tests Procedures (ATP) that have 
been agreed upon by the user, acquirer and the developer of the product [38]. Acceptance 
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can be conducted in either validation or verification processes using the methods described 
above of inspection, test and demonstration. 
 
Acceptance tests and qualification tests are normally conducted to verify and validate 
compliance to requirements using actual physical products. There are instances when such 
products are not available during product development and alternate means like modelling 
and simulations can be used to verify compliance. 
2.4.8 Modelling and simulation 
Models and simulations can be used to conduct V&V because they can provide virtual 
duplication of products which are useful in testing, training or analysis [27]. The models and 
simulations have good advantages because they can represent products in their real 
environments, improve product quality and also reduce costs of V&V [27]. A model can 
represent a system or product in a physical, mathematical or logical form [27]. A simulation 
can be referred to as a method that is used to implement the model, in other words, a 
simulation brings the model to life by demonstrating behaviours of particular objects or 
phenomena [27].  
 
When considering models in the context of requirement verification one has to think of 
particular requirements of interests that were derived, a model can be developed to represent 
those particular requirements of interest [36]. The developed model can be implemented and 
used repeatedly to measure its performance. Objective evidence can then be obtained and 
compared with the particular requirement of interest. When the results of the model satisfy 
the particular requirement, it can be said that the requirement has been verified or validated 
[27]. This then improves the quality of that requirement as now it is a verifiable requirement 
that can be used further for development or production. When the product is built, that 
requirement may only require to be verified by acceptance testing [27]. The main objective of 
using models is to conduct V&V on requirements by supplying the model with a range of 
inputs to detect defects and remedy the issues that may be encountered. 
 
Although modelling and simulation are important, it must be noted that models are not the 
perfect representation of a product or system [42]. There is always a notable difference 
between the simulation model and the real world that it represents, hence simulation models 
themselves need to be verified and validated to ensure that they can represent the system of 
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interest as close to reality as possible. There several simulations that exist and are described 
below [27]: 
2.4.8.1 Virtual simulations 
Virtual simulations represent systems in both a physical and electronic manner [27]. The 
physical interface that the system’s operator interacts with is duplicated and the environment 
that the system operates in is simulated in a manner that it looks, feels and behaves like the 
actual system [27].   
2.4.9 Live simulations 
The environment and some conditions are mimicked to enable the operators to use the 
system in realistic operational scenarios. The live simulations can be used to verify and 
validate the virtual or constructive simulations [27]. 
2.4.10 Constructive simulations 
These types of simulations are regarded as being important when conducting system 
engineering tasks and activities because they can enable verification by analysis of 
requirements. Constructive simulations include analytic tools, mock-ups, flow diagrams, 
Computer Aided Design (CAD,) Computer Aided Manufacturing (CAM), Computer Aided 
Systems Engineering (CASE) and Continuous Acquisition and Life Support (CALS). 
2.4.11 Requirement management tools  
There are various requirement management tools which can be used during product 
development to manage different levels, attributes, tracing, and V&V of requirements [16]. 





Table 1: Requirement management tools 
Tools by Name Description  
DOORS  Assists in managing requirement changes, optimise communication, verification and 
maintaining links between requirements [16]. 
CaliberRM Assists in capturing various types of requirements like business, operational and functional. 
Optimises communication efficiency between stakeholders maintains requirement 
traceability and requirement changes [16]. 
SLATE   Assists in managing system lifecycle from proposal to implementation by facilitating 




Assists in the gathering of requirements and management. Enables requirement 
traceability, development of use cases and test cases based on specifications [16]. 
 
2.5 Review of V&V standards on best practices 
The research is focused on investigating V&V practices that can enhance detection of defects 
early to improve the quality of developed products. To gain an understanding of these 
processes, a review on V&V industry standards is conducted. These standards were selected 
as they are more generic and can be applied in any field. An industry-specific standard 
included for review is the railway standard for V&V, which was included to ensure that railway 
specific V&V activities were reviewed and considered. 
 
2.5.1 IEEE standard 1012 for system, software, and hardware verification and 
validation 
The standard details system V&V processes that describe V&V activities and tasks to be 
conducted throughout the system development life cycle stages (figure 7 below) [30]. 
Requirement characteristics (e.g. correctness, completeness) need to be reviewed at each 
stage. For instance, a stakeholder requirement needs to be evaluated that it is testable, this 
is done by verifying that acceptance criteria can be developed to validate the requirement 
[30]. It needs to be verified and validated that requirements at each stage are traceable to 





Figure 6: V&V activities at various lifecycle stages 
 
System integration, qualification and acceptance tests criteria planning must be started early 
and performed at relevant stages as indicated in figure 7. This is to ensure that as 
requirements are developed, various aspects of the system such as: test standards, methods 
to be used, operation and maintenance requirements, objective evidence, the operational 
environment, training and documentation for testing are included verified and validated early 
in the process [30]. Acceptance tests are conducted by the system acquirer and qualification 
tests are conducted by the system supplier [30] using test plans and test case documentation. 
Figure 7 illustrates that it is mostly documentation listed in V&V items that are to be verified 
and validated. 
 
 What is important to note is that the standard does not prescribe which verification or 
validation method (e.g. test, inspect) is to be used at the various stages, this is left to the user 
to determine during the V&V planning stage. The standard details other activities like risk, 




In conclusion, it can be said that the IEEE standard 102 provides a good foundational 
understanding of V&V activities that need to be conducted, however, it does not clearly 
differentiate between V&V activities, as itis described as one aspect, even though these are 
separate processes.  
 
2.5.2 Capability maturity model integration for acquisition (CMMI-ACQ) 
 
The document for CMMI-ACQ details processes that provide best practices in V&V for 
acquiring organisations [43]. Verification is detailed to have three main activities as shown in 
figure 8 below. Preparation for verification must be undertaken, which entails selecting the 
work products to be verified, verification methods to be implemented, and the availability of 
tools and resources, based on satisfying requirements [43]. Requirement traceability is 
managed using requirement management tools [43]. The selected work products also inform 
the type of environment needed for conducting verification, for instance, a determination 
needs to be made whether a simulated environment is needed, if it interfaces with other 
systems or scenario generators, amongst other things [43].  
 
Reviews (e.g. walkthroughs, inspections) need to be conducted incrementally on the 
acquirer’s work products (e.g. requirement specifications) being developed because they 
enable early detection of defects. early [43]. A determination needs to be made on who will 
conduct peer reviews and materials to be reviewed. Verification needs to be performed on; 
supplier products, maintenance, training and support service requirements using suitable 
verification methods (e.g. analysis, demonstration). Defects detected during these verification 






Figure 7: V&V activities during product lifecycle 
 
Validation is more focused on product acceptance and the type of products selected and is 
customer focused as detailed in figure 8 above. Acceptance criteria are developed based on 
satisfying the customer requirements and business process description’s [43]. The validation 
methods used are focused on providing objective evidence to the relevant stakeholders that 
requirements are met and it can entail the following: discussions with users, using a prototype 
to demonstrate functionality, pilot of training materials, and tests of the products by the end-
users or relevant stakeholders in the operational environment [43].  
 
Unlike the IEEE 1012 standard, the CMMI-ACQ standard is not prescriptive about when V&V 
activities need to be conducted during the lifecycle stages. It broadly states that V&V is a 
continuous process that should be conducted throughout the system lifecycle. 
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2.5.3 ISO/ IEC/ IEEE 15288 Systems and software engineering – system life 
cycle processes standard 
The standard provides a common process framework for describing the lifecycle of systems 
adopting the systems engineering approach [15]. Table 2 below details the summarised key 
V&V activities and tasks that need to be conducted. On the standard, the activities are 
detailed as two separate processes, however, on this document, they are detailed in one 
table because the descriptions are quite similar. Preparing for V&V is the first activity 
undertaken, which entails detailing what needs to be verified or validated to satisfy either 
system requirements (verification) or stakeholder requirements (validation) like; actual 
system, prototype and others as detailed in table 2 [15]. 
 
Table 2: V&V activities during system lifecycle 
 
The preparation also involves selecting V&V methods to be used depending on the type of 
system and based on the agreement with stakeholders. One also has to determine if the 
appropriate enabling systems are available to conduct V&V, which can be verification 
environment, simulators, automation tools and facilities [15]. The second activity entails 
performing V&V in accordance with the defined verification strategy.  
 
V&V needs to be performed at the relevant stages on the system life cycle, in the defined 
environment, using the enabling systems and methods [15]. During validation, the 
environment must be as close to the operational environment as possible. The results 
obtained must be compared to the expected results and recorded. The V&V results are used 
to determine the correctness and acceptability of the submitted element [15]. The results 
must be managed by recording defects or anomalies and assessing defect root causes, 
asking the question - is it verification strategy, enabling systems, verification item, or 
Prepare for V&V Perform V&V Manage results of V&V 
 Identify V&V scope and actions (e.g. 
requirements, design 
characteristics). 
 Select V&V methods or techniques 
(e.g. test or inspection). 
 Verification criteria and strategy 
 Plan and acquire access to enabling 
systems (e.g. simulators, facilities) 




 Perform V&V.  
 Record results and anomalies. 
 Record operational incidents 
and problems. 
 Traceability (e.g. requirements, 
system elements). 
 Obtain stakeholder agreement 




resources? [15]. Bi-directional traceability must be maintained between system requirements, 
mission or business requirements, V&V strategy, design architecture and other life cycle 
concepts [15]. 
2.5.4 EN 50128:2011 Railway applications - communication, signalling and 
processing systems - software for railway control and protection systems 
The EN 50128:2011 standard details the set of requirements for development, deployment 
and maintenance for software intended for the control and safety-related application on the 
railway. The standard adopts the V-model development with the following V&V activities: 
software requirement, software architecture verification, software design verification, 
software component verification, source code verification and software validation [44]. Some 
of the input documents required for V&V at various development stages are system 
requirement specification, software requirements specification, software design specification, 
and software test specification [44]. 
 
Firstly the V&V plan must be developed which describes the tasks to be performed to ensure 
correctness and consistency of requirements at each development stage[44]. The plan must 
detail and motivate the selection of verification methods, resources, tools, environment, and 
evaluation of V&V results, the test coverage required and other items to be verified and 
validated. The V&V plan itself needs to be verified and validated for meeting general 
requirements readability and traceability as well as internal consistency. Additionally, V&V 
needs to be conducted using analysis, tests and reviews. The results recorded are based on 
the V&V input documents. A V&V report needs to be written which details V&V software 
baseline, identified defects, the impact on the use of the software and if V&V has been 
completed [44]. 
2.5.5 Verification and validation railway case study 
The paper by Ben-Yaacov [45] details the V&V activities conducted throughout a system 
lifecycle to ensure quality implementation of an automatic train control system (ATCS). The 
paper describes the various aspects that need to be developed during the concept stage viz: 
system verification and validation plan (SVPP). The SVPP document details; the scope of the 
V&V plan, identifies required documents, resources, V&V methods, the V&V plan 
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management, schedules, V&V reporting, and the roles and responsibilities [45]. The plan 
details five mandatory V&V activities as detailed below: 
 
 ATCS requirements verification: this activity is conducted during the requirement 
definition stage before the detailed design of hardware and software. The system 
requirement specification is reviewed for completeness, correctness, testability, 
consistency, feasibility, testability and traceability. This activity is conducted to ensure 
that the system specification details a practical solution that meets the railroad 
objectives [45].  
 ATCS design verification: This activity focuses on reviewing the hardware and 
software designs to ensure compliance to functional and performance requirements 
detailed in the system specification [45]. 
 ATCS validation: This activity consists of acceptance testing to validate that the 
completed ATCS is compliant to requirement specification. The process includes the 
review of acceptance test plans and procedures, conducting acceptance tests, and an 
analysis of the results [45]. 
 Field verification: This activity is conducted to verify that the complete ATCS system 
has been installed correctly. The process entails; reviewing installation procedures 
and drawings, conducting stationary tests of software installation, mechanical and 
cable interfaces [45].  
 Operation and maintenance V&V: This activity is to support any upgrades that might 
be needed once the system is in operational use [45].  
 
After each V&V activity (throughout the system lifecycle) the results must be analysed and all 
defects detected must be detailed in a V&V report. Implementing a V&V process like this is 
advantageous and favourable as defects are detected and addressed early at the different 
system development lifecycle stages, before the ATCS is released into operation. This paper 
by Ben-Yaacov [45] is informative in highlighting the practical implementation of a V&V 
process in a railway environment. A drawback of the paper is that it seems to suggest that 
validation is only conducted once during the later stages of system development, for instance 
during system acceptance testing. This is not true as literature review throughout this paper 




2.5.6 Selected V&V practices for railway systems acquirers 
An acquirer is defined as a stakeholder that procures a product from a supplier [30]. In this 
study, system acquirers are the engineers responsible for detailing the requirements for the 
acquisition of the railway technologies. The outputs of V&V acquisition process are: [30]: 
 Ensuring the interfaces between supplier and acquirer are planned. 
 Reviewed system requirements are included in the request for proposal (RFP) 
process. 
 V&V processes are defined to detail the acceptance of the product or system. 
 
The final list of the required V&V best practices was compiled using: 
 The acquisition process outputs, 
 V&V activities found in the reviewed V&V standards literature in the sections above, 
 V&V activities found in the case study detailed in section 2.5.6 above. 
 
With reference to table 3 below, each activity is checked to ensure if it was discussed on the 
V&V standards (IEEE 1012-2016, CMMI-ACQ, ISO/ IEC/ IEEE 15288-2015, EN 50128-2011) 
reviewed above. The second  check is also conducted to determine if the activity is described 
as in the case study by Ben-Yaacov [45]. The last check is also conducted to evaluate if it is 
applicable or satisfies acquisition V&V outputs. The activities that meet all three checks are 
then detailed in the final list as depicted in table 4. 
 
Table 3: Comparison of V&V standards and case study activities 








Plan for V&V ˣ ˣ ˣ 
Perform reviews ˣ ˣ ˣ 
Maintain traceability ˣ ˣ ˣ 
Perform integration tests ˣ   
Perform qualification tests ˣ   
Perform acceptance test ˣ ˣ ˣ 
Maintenance and 
operation and V&V 
ˣ ˣ ˣ 
Risk Analysis ˣ  ˣ 
Hazard analysis ˣ  ˣ 
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Security analysis ˣ  ˣ 
Manage V&V results ˣ ˣ ˣ 
 
When analysing table 3 above, it must be noted that all the activities are considered to be 
important throughout the system development life cycle, however, they cannot all be 
implemented by one organisation or department. For instance, qualification tests are 
regarded as a developer or supplier relevant test, and results can be requested by the 
acquirer if needed. Similarly, items like risk analysis and security analysis, are inherent 
activities of any project, hence they cannot be attributed to being acquirer specific. In most 
cases, special departments that deal with these specific issues are available in an 
organisation. This is also the case with the railway company under study, for example, there 
is a risk assessment department with the railway company, although that aspect does not fall 
within the ambit and focus of this study. However, the engineers are consulted when such a 
risk assessment is conducted. 
 
Table 5 lists activities that meet all the required criteria for selection. These are the activities 
that are regarded as final V&V best practices applicable to a railway system acquirer. Firstly, 
the table list the key activities to be performed during the V&V process, it then further details 
tasks that are to be conducted together with the activities. A check is made to indicate which 








Table 4: Final selected V&V best practices 
V&V 
activities 





























































Plan for V&V Select system element or 






built system  





Detail environment to be 
used. 
Simulated or real ˣ ˣ ˣ   




ˣ ˣ ˣ ˣ ˣ 




ˣ ˣ ˣ ˣ ˣ 
Determine the required 














Review relevant system 
documents to verify they 
are; complete, consistent, 












ˣ ˣ ˣ ˣ ˣ 
Use external reviewers 
(independent reviewers to 
project) to conduct reviews. 











































































Use acceptance test 
procedures and test cases 




 ˣ   ˣ 
 Perform acceptance tests 
to verify produced system 
or product correctly 
satisfies system 
requirements (e.g. 
technical) in the intended 
operational environment. 




ˣ ˣ ˣ ˣ ˣ 
 Perform acceptance tests 
to validate the produced 
system or product correctly 
satisfies stakeholder 








ˣ ˣ ˣ ˣ ˣ 
Obtain system acceptance 
from relevant stakeholders 
(users) and satisfaction 
that the system solves their 
problem. 
 ˣ ˣ ˣ ˣ ˣ 





Verify and validate system 
maintenance strategy with 
















  ˣ 
Verify and validate how the 
maintenance strategy 





















































































Verify and validate the 
system or product is 
installed correctly in the 
intended operational 
environment. 










   
Verify and validate 
maintenance manuals 

















   
Verify and validate 
operating procedures are 
compliant with system 



















   
Manage V&V 
results 









ˣ ˣ    
Record operational issues 




ˣ ˣ    
Produce defect report  ˣ ˣ ˣ ˣ ˣ 
Sign off on the system 
elements or product 
baselines. 




2.6 Chapter summary  
This chapter presented a literature review of key concepts in requirement verification and 
validation. Clarity was provided that it is requirements that need to be verified and validated. 
This requirement verification and validation needs to be conducted throughout the system 
development life cycle; from concept definition until maintenance and operation. It was also 
revealed that conducting requirement V&V throughout the system lifecycle has the benefit of 
identifying defects as early as concept and requirement definition stages. Early identification 
of defects ensures that those defects are not carried out to other developmental stages and 
eventually to the final product developed. If a defective product is produced it means that 
requirements are not met and hence the product can be referred to as being of poor quality. 
  
The literature additionally revealed that there is a link between producing quality products 
and requirements, and V&V activities conducted during the system development life cycle. 
Assiduously carrying out V&V activities contributes towards an improved product. These 
activities are regarded as requirement V&V best practices. The identified requirement V&V 
activities have been listed in table 4 of this chapter and these form the bases of the inquiry of 
this study. The following chapter presents the research methods followed in the quest to 




3 Chapter 3: Research design 
3.1 Introduction 
This chapter details the research process followed to address the research questions listed 
in chapter 1. The chapter provides motivation for the selected research method, sources of 
data, targeted population and sampling. The chapter further details the analytical tools that 
were used for the analysis of the data that was collected to derive a conclusion aligned to the 
research questions. 
3.2 Research methodology 
The objective of this study was to identify areas of improvement in the railway Company X 
requirement verification and validation processes. A case study was selected as a suitable 
research method to investigate the requirement V&V methodology of railway Company X. 
 
A case study can be used to investigate an existing phenomenon within its real-life context 
in order to gain an in-depth understanding [46]. A case study is not intended to conduct an 
investigation into the whole organisation but rather to focus on a particular issue, unit of 
analysis or event within the organisation [47]. These characteristics motivated the use of a 
case study research to investigate real-life systems within their environment or context. The 
focus was on gaining an in-depth understanding of the requirement V&V activities that were 
conducted by railway Company X during system development life cycle. 
 
Various study research options were reflected upon in establishing one that is suitable for 
this case study. A survey research would not have been suitable because a survey is limited 
in investigating a phenomenon within its real-life context [48]. Neither would an experiment 
type of study be suitable, because in order to conduct an experimental study, the researcher 
needs to have explicit control and manipulation of variables [46]. This would not have been 
possible because during the requirement verification and validation activities being 
investigated, the researcher would not be able to manipulate or have control to any of the 
events taking place. 
 
The chosen case, therefore, is a technology division within railway Company X responsible 
for the acquisition of railway technologies. The acquired technologies are regarded as being 
of poor quality, as users experienced many failures when implemented in their operational 
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environment. The technologies are acquired through a tender process whereby requirement 
specifications developed by railway Company X engineers are provided to the tender 
suppliers for development. The successful bidder then produces prototype equipment which 
will be tested iteratively until a final version is produced, accepted and released into an 
operational environment.  
 
Certain requirement V&V activities are performed by railway Company X through this system 
acquisition process. These requirement V&V activities were conducted with the forethought 
that defects will be identified early and addressed to produce better quality products. With 
these thoughts in mind, a case study was designed to investigate and gain an in depth 
understanding of how V&V activities are conducted in railway Company X. 
3.3   Designing the case study 
This is a single case study and it is stated by Noor [47] that; a single case study can be used 
when the research is conducted as a prelude to further studies because the case study 
conducted is used as an exploratory device to gain further understanding of the problem. In 
this research paper, the problem investigated is that the organisation has ineffective 
requirement verification and validation processes which lead to defective equipment being 
delivered into operations. A shortcoming of a single case study is that the findings could 
reveal that the case might not turn out to be what it was thought of when the case 
investigations were started [48].  
 
In conducting a case study, consideration must be applied when investigations are underway 
to minimise the chances of the case being misrepresented and maximise the chances of 
accessing the data needed to collect the evidence.  Hence, following were conducted: 
 A detailed literature review was conducted to understand requirement V&V processes 
best practices. 
 Obtaining approval from the Company X to conduct the research, this enabled access 
to the required company documents that contained necessary and relevant 
information for the study. 
 Using mixed methods to conduct data collection, which increased the quality of the 
findings when data analysis was conducted because opinions from the participants on 
the questionnaire were compared with findings from document analysis of the 
company under study. 
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 Having consultation with industry experts, and academic supervisors to extract 
valuable information which facilitated getting a clear understanding of the research 
problem and formulation of research questions. 
3.3.1 Revisiting research questions 
The literature review revealed that certain requirement V&V activities improve the quality of 
a product when conducted during the system development life cycle. These activities can be 
referred to as best practices for requirement V&V. With this knowledge in mind, the following 
research questions where investigated in this study: 
 What are the requirement verification & validation ‘best practices’ that contribute to 
quality products being delivered? 
 What gaps are in the current requirement verification and validation process used by 
the railway company? 
 
These research questions assisted in determining the unit of analysis of this case study. A 
unit of analysis is closely related to the way in which the research questions have been 
defined [48]. An implementation process can be a unit of analysis [48], hence in this study 
the unit of analysis is the requirement V&V process of Company X.  
3.3.2 Mixed method case study 
Mixed method enquiry combines the use of qualitative data and quantitative data in a study. 
The use of mixed methods increases the perceived quality of the case study as it removes 
bias and corroborates findings across sources of information [49]. The qualitative method 
entails conducting a study of things in their natural settings to try and understand or interpret 
phenomena in terms of the meaning people bring to a phenomenon [50]. Quantitative 
research, on the other hand, is concerned with quantities and accurate measurements of 
something such as attitudes, knowledge, opinions, or consumer behaviours [21]. The intent 
of using this approach was to collect data using a quantitative instrument and qualitative 
document analysis to compare, cross reference and check if they provide similar results but 
from a different perspective. Mixed methods require that both quantitative data and qualitative 
data to be collected. 
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3.4 Data collection procedures 
The procedures followed to collect the required data for the study are described in the 
sections below. 
3.4.1 Quantitative data collection  
A self-administered questionnaire was chosen as the primary mode of data collection for this 
research study. The questions were compiled from the literature review conducted on V&V 
best practices. The data collection was conducted electronically through the Survey Monkey 
tool. Participants were sent a link to access the questionnaire via email. The email also 
provided a brief to the participants to ensure that they understood what the research entails 
and to emphasise the importance of their contribution to the research paper. 
3.4.1.1 Questionnaire objectives 
The literature review conducted on this study identified requirement V&V best practices that 
when performed, quality of developed products is improved. The questionnaire was compiled 
using these best practices to achieve the following objective: 
 Assess how the identified requirement V&V best practices are being implemented in 
railway Company X. 
 Identify the gaps in the current requirement V&V process used by the railway 
company.  
3.4.1.2 Question response format 
The researcher was required to make a decision whether the questionnaire will use 
unstructured (open-ended) or structured (close-ended) response [51]. Open-ended 
responses allow the participant to provide answers in their own words [51]. Close-ended 
responses provide a set of pre-determined choices defined by the researcher to the 
participant [51]. This research uses closed-ended questionnaire implemented using a Likert 
scale response format. A Likert scale is a  summated rating scale that is used to measure an 




The wording of the questions on the questionnaire must be clear, unambiguous and easy to 
understand as explanations to the respondents cannot be done. On the questionnaire, each 
question is prefaced by an interactive statement that clarifies the relevance of the question to 
the respondents. This procedure was followed because it is conversational. [52]. 
3.4.1.4 Evaluate the content of the questionnaire 
. The following criteria were used to evaluate questions on the questionnaire [21]: 
 Does the question address the objective of the study? 
 Will the participant be able to answer the question? 
 Is the question within the scope of the study? 
 Are there too many questions asked which make the questionnaire to belong? 
3.4.1.5 Pre-test the questionnaire 
The questionnaire was pre-tested to get feedback on how the questionnaire was implemented 
in terms of the flow of questions, wording, the relevance of questions and length. The 
feedback received was used to rework the questionnaire to improve on it and prepare a final 
copy to be administered to respondents. 
3.4.1.6 Questionnaire design 
Table 5 below highlights the design of the questionnaire as implemented in this study. The 
literature revealed that there are requirement V&V best practices activities, that when 
implemented during the system development life cycle, can improve the quality of products. 
These best practice activities and related tasks identified through the literature review were 
detailed in table 4 in chapter 2. The identified best practices were then used to develop the 
questionnaire as detailed in table 5 below. Firstly, the questionnaire gathers information about 
participants to determine if they are suitable people for the study to be conducted on. 
Secondly, the questionnaire gathers opinions of the participants with regards to how well they 
think the identified requirement verification and validation best practices identified in the 





Table 5: Questionnaire design  
 
3.4.2 Qualitative data collection 
Qualitative study evidence can be collected from at least six sources; which are: documents, 
archival records, interviews, direct observations, participants' observations, and physical 
artefacts [48]. This study collects data through the use of railway Company X documents. 
The documents used in this study are technical requirement specification, test plans, 
acceptance test procedures, training and technical manuals. The steps followed to access 
the data entailed the following: 
3.4.2.1 Request approval to access the documents 
A letter was written to the railway Company X requesting access and use of the required 
documents for this study. The request was granted by a senior manager within railway 
Company X. 
 
 Identify the documents needed for the study. 
Section  Question 
details 
Inquiry objective Response Type Literature 
referenced 
A : 1 -4 Biographic 
information 
Determine population suitability for 
the study in terms of, work 
experience, type of work and 
experience with railway technologies. 
Closed-ended 
Multiple choice single 
response [21] 
Not applicable 
B: 4 Plan V&V 
activity 
Investigate V&V planning tasks 
currently implemented. V&V planning 
enhances early defect detection. 
Close-ended 
5 point Likert scale [21] 
Chapter 2 
Table 4 
B: 5 Reviews 
activity 
Investigate early removal of defects 
from incrementally developed system 
documentation, system elements or 
system  [43] 
Close-ended 
5 point Likert scale [21] 
Chapter 2 
Table 4 
B: 6 Acceptance 
Tests 
activity 
Investigate V&V tasks conducted to 
confirm accepted system satisfies 
requirements in its intended 
operational environment.  
Close-ended 





Determine if V&V results and 
activities are managed. 
Close-ended 





The required documents for the study were identified from a technology road map document 
developed by the railway company. This document details all the railway technologies that 
have been developed and rolled out. The road map document has a section where it details 
all the technical documents that were developed and used during the system development 
life cycle of that particular technology. The listed documents are detailed with their titles, 
document number and versions. The relevant documents required for the study were then 
identified and selected from the list.  
 
 Search for the documents on the document management database 
The source of documents for analysis for this study is from Company X’s document 
management database, of which access is available to the researcher. The document 
management database allows a user to search for required documents using the title, 
document number and version. The required documents for the study were then retrieved 
using this search method. 
3.4.3 Case study database 
It is good practice to organise and document the collected evidence used during the course 
of a case study [48]. The documents collected for this study were stored on a case study 
database which is used to keep track of all the evidence used in this study. A bibliography 
should be created for the documents that are used [48]. In this study, an Excel sheet was 
used to record all the documents which included information such as: document title, 
numbers, version and where the document was accessed or retrieved from. The 
questionnaires used in the study were also be stored on this database. The data collected 
shall not be shared with other investigators because the researcher undertook to keep the 
data confidential, for ethical reasons. 
 
3.5 Sampling and population 
 
A population is regarded as the total number of individual participants or objects about which 
we want to make some conclusions [21]. Sampling is based on the idea that; when some 
participants or objects of the population are selected, conclusions can be drawn about that 
population [21]. A sample is used to examine a portion of a carefully selected population [21]. 
In this study the population refers to the employees of railway Company X who work within 
the railway technologies environment from research and development, project management 
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and maintenance. Some of these employees are artisans who work in field maintaining these 
technologies and have no access to computers to participate in the questionnaire, hence a 
representative sample of this population was selected as follows: 
 The participants must be working on railway technology acquisition projects.  
 This population is responsible for requirement definitions, design, testing, 
maintenance, user operational support and project management on such projects.  
 The participant must have access to a computer because the questionnaire will be 
distributed via Survey Monkey’s electronic link. 
 
This led to a purposively selected sample that includes about 106 engineers, technicians, 
technologists, project managers and system analysts. This sample is thought to have the 
required knowledge base to respond to the questionnaire. Additionally, they are managers of 
the other members of the population that the questionnaire was not distributed to, hence their 
opinions were deemed to be a representative view of the whole population. 
3.6 Data analysis 
Data analysis in mixed-method studies is conducted by analysing the qualitative data 
separately by using qualitative data analysis methods and analysing the quantitative data 
separately by using quantitative data analysis methods [49]. The quantitative and qualitative 
data analysis follows a similar process as seen in figure 9 below. It must be noted that the 
steps unfold in a linear manner for quantitative research but in qualitative research, the steps 
can be iterative and be implemented simultaneously 
 
 
Figure 8: Quantitative and  qualitative data analysis procedure [49] 
Prepare the data 
for analysis 









3.6.1 Quantitative data analysis 
The quantitative data analysis procedures available to a researcher are determined by the 
type of measurement scale that was used on a questionnaire [21]. There are four types of 
measurement scales and they can be detailed as follows: ordinal, nominal, interval and ratio 
scales. This study implemented the questionnaire by using the Likert scale (1-5) whereby 
close-ended questions where investigated, this informed that ordinal data analysis to be used. 
A participant is given a range of options e.g.; strongly agree, agree, neither agree nor 
disagree, disagree and strongly agree from which to select a response.  
 
The responses to the questions can be summed up to offer an overall participant attitude [21]. 
This research investigates if the identified requirement V&V best practices are performed by 
the railway company personnel. This was determined by using a mean value of the responses 
to the questionnaire to determine if respondents indicated whether they perform the activity 
or not. 
3.6.2 Qualitative data analysis 
Qualitative data was analysed through the use of content analysis, which is regarded as a 
systematic analytical procedure that can be used to analyse or review printed or electronic 
documents [53]. Since this is an engineering-based qualitative analysis, documents used for 
analysis in this study were firstly organised and arranged around aspects of a system 
development life cycle process [54]. Requirement definition stage documents were organised 
together, testing stage documents grouped and operational and training documents also 
grouped.  
 
The documents were then read through to identify common themes with regards to V&V 
activities. The coding process was then conducted to extract segments of text on the 
documents and organising them into requirement V&V activities categories, for instance, a 
category can be about acceptance testing. Each category was further investigated to 
determine V&V tasks that had been performed. A checklist table of requirement V&V similar 
to the questionnaire was then developed to map the codes found through document analysis 
onto the V&V best practices found in the literature review. The aim of the checklist was to 
determine if the identified requirement V&V had been conducted or not. 
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3.6.3 Checklist design 
The table (6) below highlights the design of the checklist as implemented in this study. The 
literature revealed that there are requirement V&V best practices activities, that when 
implemented during the system development lifecycle, can improve the quality of products. 
These best practice activities and related tasks identified through the literature review were 
detailed in table 4 in chapter 2. The identified best practices were then used to develop the 
checklist as detailed in table 6 below. The checklist conducts an enquiry to determine whether 
the identified requirement V&V best practices identified in literature have been implemented 
in railway Company X. This is done by mapping the identified V&V activities in the literature 
to the evidence found through document analysis. A check is made (Yes/ No) to determine 
whether evidence has been found when document analysis was conducted and that the 
particular task of V&V activity has been performed by railway Company X. 
 








Inquiry objective Literature 
referenced 
Evidence that V&V activity or 
task has been performed 
found from document 
analysis? 
 Yes No 
1 Plan V&V 
activity 
Investigate V&V planning tasks 
currently implemented. V&V 







Investigate early removal of 
defects from incremental  
developed system 
documentation, system 






Investigate V&V tasks 
conducted to confirm accepted 
system satisfies requirements 





4 Manage V&V 
results 
Determine if V&V results and 






3.7 Case study quality: validity and reliability 
Validity refers to the extent to which the researcher measured what he or she intended to 
measure [52]. Validity in a case study research means the researcher made use of specific 
procedures to ensure the accuracy of the study. Reliability in a case study means that the 
approach used by the researcher can be repeated by other researchers and obtain the same 
results. The following tests as suggested by Yin [48] were taken into consideration to ensure 
the quality of this study: 
 
 Construct validity: using correct measures to address the research objective 
A questionnaire and document analysis were used to triangulate different data sources to 
improve the validity of the study. The results from both methods were converged to compare 
findings and provide justification for the conclusions of the study. 
 
 External validity: making use of theory in case studies  
 Extensive literature review was conducted to identify best practices of V&V. 
 
 Reliability: Can the study be repeated by other researchers? 
 Detailed procedures on how qualitative and quantitative data were collected and 
analysed were provided in this study. A case study database was also developed 
to arrange and organise the data that was used in this study. 
3.8 Research ethics 
The objective of ethics in research is to ensure research activities do not cause harm or 
severe consequences to those involved in the study [21]. A letter was sent to the organisation 
studied to request approval to conduct the study. The signed off letter was then forwarded 
together with other ethical clearance documents to the university for consideration. The 
university reviewed the ethical clearance application and provided approval to continue with 
the study. 
3.9 Chapter summary 
This chapter detailed the research methodology that was adopted in-order to achieve the 
objective of this study. It was determined that a mixed method case study is a suitable 
research methodology for this study. The chapter presented how the case study was 
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designed and elaborated on the data collection methods. It was revealed that qualitative and 
quantitative data collection methods were to be used. Quantitative data shall be collected 
using a questionnaire and qualitative data shall be collected through document analysis. 
Details of how the questionnaire was designed and tested were also provided. It was detailed 
that the questionnaire shall be distributed to a purposively selected population of railway 
Company X. Details of how qualitative data shall be collected and analysed was also 
provided.  The next chapter presents the results and analysis of the quantitative data and 




4 Chapter 4: Research results and data analysis 
4.1 Introduction 
The previous chapter detailed that this is a mixed method case study with the objective to 
identify areas of improvement in railway Company X’s requirement verification and validation 
processes. This chapter presents the results and analysis of the data collected to answer the 
research questions and address the research study objective Quantitative data was collected 
using a questionnaire and secondary data was collected through Company X’s document 
analysis. 
4.2 Questionnaire results 
The questionnaire was distributed to a population of 106, of which 36 completed responses 
were obtained and there were no incomplete responses. This gives a completion rate of 34%, 
the average email questionnaire response rate is between 25%–30% [55]. This indicates that 
the completed response rate obtained (34%) in this study is acceptable. 
4.2.1 Section A: Respondents profile 
The section presents results obtained from the questionnaire with regards to the respondents’ 
work experience, the role they have in technology implementation and their work 
environment. 
4.2.1.1 Respondents work experience 
The respondents were asked to indicate the work experience they have in the implementation 
of railway technology in years from a list of answers. The purpose of this question was to 
determine if respondents have sufficient work experience in railway technology 
implementation. This is important to determine to gauge if the participants have an 
understanding of the processes that occur when new technology is implemented. Figure 10 





Figure 9: Work experience 
 
From figure 10 it can be seen that: 34 % have 6 -10 years, 14 % have 11-15 years, 9% have 
15-19 years, and 6% have 20+ years’ experience in railway technology implementation. This 
gives a total of 61% of respondents having 6 years or more railway technology 
implementation experience. This indicates that majority of the respondents do have sufficient 
experience and knowledge in the railway technology implementation processes. Lastly, the 
graph indicates that about 37% of the respondents have 0 – 5 years in technology 
implementation. 
4.2.1.2 Respondents Role 
The respondents were asked to select from a pre-defined set of roles that would best describe 
their role during the railway technology implementation. Figure 11 below presents the results 




















Figure 10: Role in technology implementation 
 
It can be seen from figure 11 that most respondents were technical; engineers (54%), 
technicians (17 %) and technologist (6 %). The rest of the respondents were non-technical; 
project managers (6%), programme managers (11%) and analysts (6%). The results are as 
expected because technical resources are mostly consumed when technology is being 
implemented. A project can be run by a few project or programme managers as compared to 
the required engineers, technologists and technicians. 
4.2.1.3 Respondents work environment 
The respondents were asked to select from a pre-defined list the type of work environment 
they are involved in. Figure 12 below presents the results of the work environment from 

















Figure 11: Work environment 
 
It can be seen from figure 12 above that 61 % of the respondents are involved in the 
requirement definition, design and testing, and 8 % in maintenance. This is in alignment with 
the results of figure 11(above) which revealed that majority of the respondents were technical 
personnel. This further indicates that the respondents have sufficient knowledge to 
understand the contents of the questionnaire as they are involved during the system 
development processes such as requirement definitions and testing. The figure illustrates 
that 23% were project managers and 8% were user support. There was one respondent who 
opted not to answer this question. 
4.2.2  Section B: Requirement verification and validation activities 
This section presents results obtained from the questionnaire with regards to the requirement 
V&V activities performed during the system development life cycle. 
4.2.2.1 Planning for verification and validation activities 
A V&V plan must be developed which describes tasks to be performed to ensure correctness 
and consistency of requirements at each development stage [44]. Planning for verification 
and validation involves determining the scope of work, schedules, roles and responsibilities, 

























during this activity, the respondents were presented with the following statement on the 
questionnaire. 
 
In the table below, which of the statements best describes planning for verification and 
validation in your environment. 
Please rate your level of agreement with regards to the statements on the tables below. 
Please use the following rating scale: Strongly Disagree = 1, Disagree = 2, neither agreed 
nor disagreed = 3, Agree = 4, Strongly Agree = 5. Figure 13 below presents the results from 
the respondents for each of the statements. 
 
 
Figure 12: Planning for verification and validation activities 
 
From figure 13 above, it can be seen that majority of the respondents agreed (58%) and 
strongly agreed (33%) that they selected system elements or products that must be verified 
or validated. It can be further observed that most respondents agreed (47%) and strongly 
agreed (36%) that the environment to be used for V&V was detailed. Majority of respondents 
agreed (47%) and strongly disagreed (47%) that in their environment methods for conducting 
V&V were selected.   
 
The questionnaire further investigated if the respondents defined V&V strategy and 
acceptance criteria in their environment. Majority of respondents agreed (45%) and strongly 



















0% 20% 40% 60% 80% 100% 120%
Selecting system elements or products (e.g. system
requirements, as built system) that must be verified or
validated.
Detailed the environment (real or simulated) to be used for
verification and validation.
Selecting the methods for conducting verification and
validation (Methods: analysis, test, demonstration,
inspection).
Defining verification and validation strategy and acceptance
criteria.
Determining required resources for conducting verification
and validation (e.g. qualified personnel, simulators, testing
tools).
Strongly disagree Disagree Neither agree nor disagree Agree Strongly agree
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for conducting V&V. Majority of the respondents strongly agreed (56%) and agreed (42%) 
with the statement. The general consensus from the statements in figure 13 is that most 
respondents either agree or strongly agree that the tasks on the planning for verification and 
validation activity are being performed in their environment. 
4.2.2.2 Review verification and validation activity  
Reviews need to be conducted incrementally on the acquirer’s work products being 
developed because they are a good way of detecting defects early [43]. Reviews entail 
conducting e.g. peer or self-reviews to detect any defects that might be contained in: system 
and stakeholder requirement specifications, conceptual designs, test documents, training 
manuals and installation manuals. To investigate V&V tasks performed during this activity, 
the respondents were presented with the following statement on the questionnaire. 
 
In the table below, which of the statements best describes how reviews are conducted 
in your environment. 
Please rate your level of agreement with regards to the statements on the tables below. 
Please use the following rating scale: Never = 1, seldom = 2, sometimes = 3, often = 4, almost 













0% 20% 40% 60% 80% 100%
Review of relevant documents (e.g. system
requirements) to verify they are; complete,
consistent, correct, readable, and testable.
Used external reviewers (independent
reviewers to project) to conduct reviews.
Never Seldom Sometimes Often Almost always
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From figure 14 above it can be seen that the majority of respondents stated that they almost 
always (50%) and often (33%) reviewed relevant documentation for the projects in their 
environment. About 17% highlighted that they sometimes review the relevant documents. It 
can be further observed, 42% of the respondents used external reviewers, 22% seldom and 
19% never. This indicates that the use of external reviewers is not a common activity amongst 
respondents. This is further supported by observing that only 11% often and 6% almost 
always used external reviewers.  
4.2.2.3 Acceptance testing verification and validation activity 
Acceptance tests are conducted by the product acquirer for the user to accept the system 
into the operational environment based on compliance to the requirement specifications [38]. 
To investigate V&V tasks performed during this activity, the respondents were presented with 
the following statement on the questionnaire. 
In the table below, which of the statements best describes your opinion on how 
acceptance tests are conducted in your field. 
Please rate your level of agreement with regards to the statements on the tables below. 
Please use the following rating scale: Never = 1, seldom = 2, sometimes = 3, often = 4, almost 
always = 5. Figure 15 below presents the results from the respondents for each of the 
statements. 
 



















0% 20% 40% 60% 80% 100%
There is involvement of relevant stakeholders (e.g. users,
maintainers) during acceptance tests.
Makes use of acceptance test procedures and test cases to
accept system.
Acceptance tests are performed to verify produced system
satisfies system requirements (e.g. technical) in the
intended operational environment.
Acceptance tests are performed to validate produced 
system satisfies stakeholder requirements (e.g. user’s 
needs) in the intended operational environment.
System acceptance is obtained from relevant stakeholders
(e.g. users) and satisfaction that the system solves their
problem.
Never Seldom Sometimes Always Almost always
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With reference to figure 15 above, respondents were asked if there is involvement of relevant 
stakeholders during acceptance testing, majority of respondents stated: always (47%) and 
almost always (19%). It was further investigated to determine if respondents make use of 
acceptance tests and test cases when accepting the system, of which majority stated: always 
(50%) and almost always (36%).  
 
The third statement reveals that majority of respondents stated that they almost (50%) and 
almost always (36%) perform acceptance tests to verify produced system satisfies 
requirements. Similarly, the fourth statement reveals that majority of respondents always 
(53%) and almost always (31%) perform acceptance tests to validate produced system 
satisfies stakeholder requirements. The last statement highlights that majority of respondents 
almost (56%) and almost often (31%) obtain system acceptance from relevant stakeholders 
that the system produced solves their problem. These results indicate that majority of 
respondents perform acceptance testing verification and validation activity tasks during 
system development.  
4.2.2.4 Maintenance and operation verification and validation activity 
This activity confirms if maintenance and operational requirements are taken into 
consideration early during system development. It requires an estimation of about 200 times 
more effort to fix defects when the product is in the maintenance phase than when it is in the 
requirement specification phase [10]. To investigate V&V tasks performed during this activity, 
the respondents were presented with the following statement on the questionnaire. 
 
In the table below, which of the statements best describes your opinion with regards 
to consideration of maintenance and operation requirements early during system 
development in your field. 
Please rate your level of agreement with regards to the statements on the tables below. 
Please use the following rating scale: Never = 1, seldom = 2, sometimes = 3, often = 4, almost 






Figure 15: Maintenance and operation verification and validation activity 
 
Having a look at figure 16 above highlights that half (50%) of respondents, often (33%) and 
almost often (17%) verify and validate maintenance strategy with relevant stakeholders. What 
is interesting to observe also is that almost the other half (47%) of the respondents indicated 
that they sometimes (36%) and seldom (11%) conduct this task. This suggests that there 
might be some area of improvement needed with regards to conducting this task.  
 
It is also further highlighted that majority of respondents; often (41%) and almost always 
(11%) verify how the maintenance strategy imposes constraints on the system. Even though 
the majority do indicate that the task is performed. A reasonable number of respondents state 
that this task is sometimes (28%), seldom (17%) and never (3% performed, this is almost half 
of the respondents (48%). So, the participants are split almost equally with regards to their 
views on how this task is conducted. Similar to the previous task, there might be some area 
of improvement needed with regards to conducting this task.  
 
Majority of respondents often (53%) and almost always (31%) validate if the system is 
installed correctly, this suggests that respondents do consider system installation 
requirements early during system development life cycle. Majority of respondents (61%), 
often (33%) and almost always (28%) validate if system-maintained strategy satisfies system 
and stakeholder requirements. Lastly, majority (70%); often (42%) and almost always (28%) 
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System maintenance strategy is verified and validated with
relevant stakeholders (e.g. maintainers).
It is verified how the maintenance strategy imposes
constraints on the system requirements.
It is validated if the system or product is installed correctly in
operational environment.
It is validated if maintenance manuals satisfies system and
stakeholder requirements.
It is validated if operating procedures satisfy stakeholder
requirements (user needs).
Never Seldom Sometimes Often Almost always
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4.2.2.5 Management of verification and validation results activity 
The V&V results are used to determine the correctness and acceptability of the submitted 
element [15]. The management of verification and validation results activity ensures 
verification and validation results are recorded, analyzed and defect reports produced. To 
investigate V&V tasks performed during this activity, the respondents were presented with 
the following statement on the questionnaire. 
 
 In the table below, which of the statements best describes your opinion with regards 
to how results of verification and validation are managed during system development.  
Please rate your level of agreement with regards to the statements on the tables below. 
Please use the following rating scale: Very poor = 1, poor = 2, fair = 3, good = 4, very good 
= 5. Figure 17 below presents the results from the respondents for each of the statements. 
The responses of very poor and poor were combined as they represent the same idea at 
different levels, the same was done for good and very good [56]. 
 
 
Figure 16: Management of verification and validation results activity 
 
By having a look at figure 17 above and observing responses to each of the statements in 
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Recording results and anomalies after each verification and
validation activity (e.g. reviews, acceptance test).
Recording operational issue and identified corrective actions.
Producing defects reports found after each verification and
validation activity.




performed good or very good because the combination of these two response types at each 
statement was greater than 70%. So, the participants are of a view that the management of 
V&V results is good.  
4.2.2.6 Descriptive statistics: Mean values, standard deviations and reliability 
Table 7 below shows the ranking of the requirement V&V practices by the mean. From table 
7 it is evident that all the activities have a mean that is above 3.0, which indicates that the 
respondents are of the view that requirement V&V activities are being performed during 
system development. The highest-ranked (1) activity is planning for V&V which has a mean 
value of (4.32). This indicates that respondents agree that this activity is performed to improve 
the quality of railway technology when it is being developed. Acceptance testing and 
management of requirement V&V activity are ranked (2, 3) with a high mean of (4.07, 4.07) 
respectively. This indicates that these activities are also commonly performed during railway 
technology development by the respondents. 
 
Table 7: Mean and standard deviation of requirement V&V activities 








4.32 0.502 1 
Acceptance testing verification and 
validation activity 
0.71 4.07 0.528 2 
Management of verification and 
validation results activity 
0.89 4.06 0.677 3 
Maintenance and operation 
verification and validation activity 
0.74 3.73 0.660 4 
Review verification and validation 
activity 
0.1 3.47 0.686 5 
 
The requirement V&V activities items on the questionnaire were tested for reliability by using 
the Cronbach alpha, and the results are also presented in table 7 above. The acceptable 
range of Cronbach alpha value to indicate good reliability is between 0.7 and 0.9 or higher 
[57]. It can be seen from Table 7 that the Cronbach alpha values for all activities except for 
review V&V activity are above 0.7, which indicates good reliability. The Cronbach alpha for 
the review V&V activity was 0.1 which indicate poor reliability. This low value was obtained 
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because the review V&V activity only had two items. Cronbach alpha is inappropriate and 
meaningless for two-item scales [58]. To ascertain reliability of the whole questionnaire, a 
single value of Cronbach alpha was recalculated for all the questionnaire items. The final 
Cronbach value obtained for all the questionnaire items was 0.84, which indicate good overall 
reliability of the questionnaire. 
4.3 Secondary data analysis 
This section presents the results of the secondary data analysis that was conducted using 
technical specifications, acceptance test procedure documents, installation manuals, user 
manuals and field test reports. These documents contain details about requirements 
definitions, processes, and tests that were conducted during the development and acquisition 
of the railway technologies of railway Company X. The documents used range from the year 
2009 to the year 2019 and are listed in table 13 of appendix D. The reason for using this 
protracted time frame is because railway technologies’ life span is quite long (about 20 years). 
This means that equipment developed in 2009 is still active and under operation currently. 
 
The analysis of this data will be used to triangulate the requirement V&V activities derived 
from the literature review (table 4) and primary data that was obtained from the questionnaire 
results that were presented in the previous section above. The detailed information obtained 
from document analysis was coded and is presented in table 14 of appendix C. The identified 
requirement V&V tasks through document analysis were mapped to the requirement V&V 
activities that were identified through the literature review. This type of mapping is regarded 
as deductive coding because predefined codes or themes (literature requirement V&V 
activities) are assigned to the qualitative data found through document analysis [59]. The final 
results of document analysis are presented in table 8 below. 
 
Table 8: Secondary data analysis  
Requirement V&V 
activities  
Description of railway company V&V tasks  
Planning for V&V 
activity  
 
From the document analysis, it was found that most of the tasks conducted 
during this activity were detailed in technical specifications and acceptance test 
procedure (ATP) documents. It was detailed in all the specifications that the 
original equipment manufacturer (OEM) is responsible for conducting the tests. 
The OEM is responsible for detailing the acceptance tests procedures and tests 





Description of railway company V&V tasks  
the tests.  The technical specifications also detail the criteria to approve the 
equipment. The approval is divided into three stages which are: technical 
approval, conditional approval and full approval depending on compliance to 
requirements. 
 
During testing, the railway company makes available its personnel to observe 
the tests and provide approval that tests were successful. The technical 
specifications and ATP documents also detail that the tests need to be 
conducted under known normal operational conditions and also need to be 
conducted under known faulty conditions. The ATP documents also detail if the 
tests will be conducted using simulations or actual equipment. 
Review V&V activity 
 
What is evident from the document analysis is that reviews are conducted on 
documents like requirement specifications, installation manual, user manual, 
acceptance test procedures and all the field test reports.  
 
The reviewers range from principal engineers, senior engineers, technologists, 
technicians, project managers and program managers. This informs that the 
various documents are checked by various stakeholders. 
 
There was no evidence found were an external reviewer not directly involved in 
the project or not permanently employed by the railway company was used. 
Acceptance testing V&V 
activity 
  
The acceptance tests procedure (ATP) documents analysis revealed that the 
acceptance tests are conducted to satisfy the requirements detailed in the 
railway company requirements specifications. The ATP documents detail the 
requirements in a clause by clause tabular format which describes how each 
requirement will be tested and if the requirement is compliant or not compliant 
(pass or fail). The ATP is usually conducted in an operational environment 
because in one of the documents it was detailed that a train trip was undertaken 
with the equipment installed in the locomotive during testing. In this scenario, 
the driver uses the equipment to conduct normal day to day procedures.  In 
some instances, the ATP is conducted in a laboratory environment if it has been 
determined that these tests shall be enough to prove compliance. 
 
It was also revealed through document analysis that the technicians install the 
equipment in the correct designated locations to verify and validate if the 
installation procedures are adequate. Each ATP document is signed off by  
railway Company X engineers as the customer and the representative of the 





Description of railway company V&V tasks  
Maintenance and 
operations V&V activity 
 
Further analysis of technical specifications revealed that the documents also 
contain brief descriptions of preventative maintenance requirements. The 
preventative maintenance requirements detail that technicians shall conduct 
first line and second line maintenance on equipment. It is also detailed that it will 
not take more than 30 minutes to conduct maintenance on equipment. These 
requirements are common in all the technical specifications that were analysed. 
 
There is also a maintenance support process document that details the 
processes of how each equipment is to be handled when it gets faulty during 
operation. Maintenance and user manuals for each equipment were developed 
by the OEM and adopted by the railway company. The user manuals describe 
how the equipment functions as per requirement specifications. The 
maintenance manuals detail how equipment is to be installed and fault 
diagnoses procedures. 
Management of V&V 
results activity 
 
Test reports written by railway company employees and ATP documents 
analysed detailed defects or faults that were found during testing of the 
equipment. It was also found out that OEM’s of the railway equipment records 
the faults that were reported to them. For instance, an OEM document was 
analysed that detailed faults that were reported while the equipment was in use. 
The document described the faults and detailed how the fault will be addressed. 
 
Some of the OEM’s have also set up fault logging systems that the railway 
company uses to log faults during equipment operation. The fault logging 
system then generates unique fault codes for each reported fault that are used 
to track if the faults have been resolved or not. 
4.4 Comparison of literature, questionnaires and document analysis data. 
Table 4 of the literature review discussed in chapter 2 identified requirement V&V best 
practices activities applicable to a railway system acquirer. For each requirement V&V 
activity, there were tasks that were detailed that are to be performed. A questionnaire was 
developed and administered to the railway company purposively selected sample, in order to 
check whether they regard these tasks as being performed in their environment. The results 
of the questionnaire were analysed and presented in the sections above. Secondary data 
analysis was conducted by analysing the railway Company X documents to identify the tasks 
that are performed during requirement V&V activities. These tasks were deductively coded 
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to the identified requirement V&V best practices in literature. The results of the document 
analysis coding were detailed in table 8 above. 
 
A comparison was made to check whether the requirement V&V activities best practices with 
related tasks identified in literature were performed by the railway company personnel. This 
comparison was conducted using the results of the questionnaire and document analysis. 
Table 9 below presents the results of the comparison conducted. With regards to the 
questionnaire, a tick indicates that most of the respondents on the questionnaire are of the 
view that the task is being performed. A cross means that most of the respondents are not of 
the view that the task is being performed. With regards to document analysis, a tick indicates 
that sufficient evidence was found when analysing documents that the task is being 
conducted. A cross means that insufficient evidence was found. 
 









Plan for V&V Select system element or products for V&V. ✔ ✔ 
Detail environment to be used. ✔ ✔ 
Select methods of V&V ✔ ✔ 
Define V&V strategy and acceptance criteria. ✔ ✔ 








Review relevant system documents to verify 
they are: complete, consistent, correct, 
readable, and testable. 
✔ ✔ 
Use external reviewers (independent reviewers 


















Use acceptance test procedures and test 
cases documents to accept the system. 
✔ ✔ 
 Perform acceptance tests verify produced 
system or product correctly satisfies system 
requirements (e.g. technical) in the intended 
operational environment. 
✔ ✔ 
 Perform acceptance tests to validate the 
produced system or product correctly satisfies 
stakeholder requirements in the intended 
operational environment. 
✔ ✔ 
Obtain system acceptance from relevant 
stakeholders (users) and satisfaction that the 






Verify and validate system maintenance 
strategy with relevant stakeholders (e.g. 
maintainers) 
✔ x 
Verify and validate how the maintenance 
strategy imposes constraints on the system 
requirements 
✔ x 
Verify and validate the system or product is 
installed correctly in the intended operational 
environment. 
✔ ✔ 
Verify and validate maintenance manuals 
satisfies system and stakeholder requirements. 
✔ ✔ 
Verify and validate operating procedures are 







Record V&V results and anomalies ✔ ✔ 
Record operational issues and identify 
corrective actions  
✔ ✔ 















Looking at table 9 above, it can be seen that the majority of the requirement V&V tasks are 
being conducted as compared to the ones that are not being conducted in both questionnaire 
data and secondary data. This was highlighted by the bar chart results from the respondents 
of the questionnaire in the previous section and by also noting that the mean that was 
calculated and presented in table 7 above is mostly >3.5. The document analysis also 
contained evidence that most of the V&V tasks are being conducted.  The activities that have 
crosses as observed from table 9 above are the review, and the maintenance and operations 
activities. 
 
It was revealed during the literature review that it is important to have technical reviews being 
conducted by personnel that are not involved in the design and development of the system 
[30]. This is thought of as bringing a fresh perspective in detecting errors that may have been 
overlooked by the system designers and developers. This can be achieved when an 
independent contractor is brought by the system acquirer to come and assess if the system 
being developed meets the requirements [37]. During the review V&V activity, the majority 
(83%) of respondents of the questionnaire indicated that they sometimes, seldom and never 
conduct the task of using independent reviewers on their projects. Hence, the review activity 
was given a cross to highlight the views of the respondents.   
 
When document analysis was conducted, it was found that all the signed-off requirements 
documents were only reviewed by internal personnel of the railway Company X who were 
directly involved and affected by the project. There was no railway company produced 
document that was found to have been reviewed by an external party, not directly involved in 
the project or not employed by the railway company. This also informed the decision to 
indicate that this task is not being performed.  
 
There are two other tasks within the maintenance and operation requirement V&V activity 
that were found not to be performed through the document analysis. The first task is that the 
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system maintenance strategy is verified and validated by relevant stakeholders. A cross was 
given on this task because even though maintenance requirements are briefly described in 
technical requirement documents, and also in the maintenance processes document for 
handling faults, it was determined that these documents were only signed off by the engineers 
responsible for the design and requirements definition of the equipment.  
 
The standard procedure within the railway company is that anyone involved with the 
development of a document must review and signoff the document. If there is no sign off, it 
means they were not involved. There was no involvement or signoff by maintenance 
specialist that was found on these documents. So, this does not satisfy the requirement of 
this task which is that the maintenance strategy must be verified and validated by various 
stakeholders (e.g. maintainers). The second task with a cross within the activity is that of 
verifying how the maintenance strategy imposes constraints on system requirements. This 
task is also given across with similar reasons because if maintenance stakeholders were not 
involved when maintenance strategy was developed, it could have not been possible to verify 
how the maintenance strategy-imposed constraints on system requirements. For instance, 
the requirements of the equipment might have needed to be removed or redefined as they 
could have been found to be unmaintainable due to inputs from maintenance specialists. 
 
Additionally, it can be observed in table 9 above that the two tasks under the maintenance 
and operations activities are shaded in grey even though they have been given a tick. This is 
because the results of the questionnaire indicated that respondents are split with regards to 
these tasks being performed. It was found that 50% of respondents are of the view that the 
tasks are performed and 50 % are of the view that these tasks are sometimes, seldom or 
never performed. This indicates that there is no alignment between the respondents. 
4.5 Chapter summary 
This chapter presented results and analysis from the quantitative and qualitative data that 
was collected to address the objective of this research study. The chapter firstly presented 
the quantitative data from the questionnaire that was distributed to respondents. The 
questionnaire results firstly highlighted that 36 responses were obtained from a possible 106. 
The respondent’s profiles were then presented which highlighted that majority of respondents 
were from a technical background and involved in requirement definitions, design, and 
testing. The results of the requirement V&V activities were presented using stacked bar charts 
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with percentages which revealed views of respondents with regard to the statements on the 
questionnaire. The results were further presented in table 7 which showed descriptive 
analysis in terms of means and standard deviation of each of the requirement V&V activities. 
 
Qualitative data results were also presented in table 8 whereby the requirement V&V activities 
were mapped into the V&V tasks that were extracted from railway Company X documents. 
The analysis was continued by using a checklist to compare results of the questionnaire and 
document analysis against the V&V tasks that were derived during literature review. The 
results of this analysis highlighted that the railway company does conduct the majority of the 
tasks for each requirement V&V best practice activities. Few tasks were identified as not 
being performed and these were highlighted and discussed also in this chapter. The results 
of this chapter shall be used to present identified gaps within the requirement V&V activities 
performed by the railway company. The next chapter presents these identified gaps, 





5 Chapter 5: Conclusion  
5.1 Introduction  
To produce quality products that meet customer needs, it is suggested that verification and 
validation (V&V) techniques be used during the product development life cycle [8]. This view 
was also supported by other authors [18], [19], [8] who have detailed that to improve defect 
removal effectiveness and improve product quality, V&V needs to be integrated throughout 
the stages of the product development process. This study conducted a literature review to 
identify requirement V&V best practices that are regarded as being effective in removing 
defects during the product development life cycle. The main research objective was to identify 
areas of improvement in railway Company X’s requirement V&V process. To achieve this 
objective, the following research questions were addressed by this study: 
 
 What are the requirement verification & validation ’best practices’ that contribute to quality 
products being delivered? 
 What gaps are in the current verification and validation process used by the railway 
company? 
 
This chapter discusses the findings of chapter 4, which presented the results of this study 
that aimed to provide answers to the research questions. Research question one is discussed 
first in the section below, which details the requirement V&V best practices identified through 
a literature review. Research question 2 is discussed in the following section which focuses 
on detailing the identified gaps within railway Company X’s V&V process. 
5.2 Requirement verification and validation best practices 
Various V&V standards in literature were analysed to identify common V&V best practices 
activities. The identified common V&V best practices were then further analysed to determine 
those V&V activities more suitable for a product acquirer as opposed to the Original 
Equipment Manufacturer (OEM). This is because the engineers of the railway company 
acquire the railway equipment from various OEMs. A final detailed list of the identified V&V 
best practices with related tasks can be found in table 4 of the literature review (chapter 2) of 
this research paper. The summarised requirement V&V best practices activities identified in 
literature are listed as per below: 
 Plan for V&V  activity 
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 Reviews V&V activity 
 Acceptance testing V&V activity 
 Maintenance and operation V&V activity 
 Manage V&V results V&V activity 
 
The previous chapter revealed that the railway company V&V activities are in line with the 
identified V&V activities in literature. For instance, it was revealed that planning for V&V was 
found to be the most performed by the respondents of the questionnaire, also, ATP 
documents and technical specification revealed evidence of this activity being performed. 
Literature revealed that planning for V&V is important because it described tasks to be 
performed to ensure correctness and consistency of requirements at each development 
stage [44].  The planning activity is also important because it details and motivates for the 
selection of V&V methods (test, analysis, inspection, demonstration), resources, tools, 
environment, enabling systems, and test coverage required [44], [15]. The literature further 
revealed that acceptance testing needs to be performed by the product acquirer for the user 
to accept the system based on compliance to the requirement specifications [38].  
 
Railway company document analysis revealed evidence that acceptance tests are performed 
using acceptance test procedures that provide clause by clause compliance to requirement 
specifications. Questionnaire results revealed acceptance testing activity was the second-
highest performed by the respondents. The questionnaire respondents also revealed that 
they do manage the results of V&V. This was supported by railway Company X’s document 
analysis which revealed evidence that defects and faults that were found during testing were 
recorded in test reports, and the failure and corrective action documents. This is in alignment 
with literature which stated that; the results of V&V must be managed throughout the system 
lifecycle, this entails recording defects or anomalies, assessing defect root cause after each 
V&V activity and producing a V&V report [15], [45].With the V&V best practices determined 
from the literature. The next step was to answer the second research question by identifying 
gaps with railway Company X’s V&V process. 
5.3 Gaps within the railway company V&V process 
To identify the gaps within the railway company’s V&V processes, a questionnaire was 
distributed to a purposively selected population sample of the railway company. The 
questionnaire was used to determine if the respondents performed the V&V best practice 
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activities with related tasks identified through literature review. The results of the 
questionnaire were firstly analysed by using bar charts. The analysis of each V&V activity 
indicated that majority of the respondents are of the view that the V&V activities related tasks 
are being performed. The responses to the questionnaire were further analysed by calculating 
the mean value of each V&V activity. The results listed in table 7 indicated most of the V&V 
activities had a mean value that was greater than 3.5. This further indicated that the 
respondents are of the view that these activities are being performed. The two activities with 
the lower mean values were review requirement V&V activity (3.47) and maintenance and 
operation V&V activity (3.73). Having a closer look at these V&V activities revealed that some 
tasks were indicated by respondents as not being performed. 
 
Secondary data was collected and analysed to investigate if the V&V activities related tasks 
are being performed. The results also indicated that majority the V&V activities tasks are 
being performed. There were however, V&V activities tasks that were identified’ not being 
performed’ because there was not enough evidence found through analysing the documents 
of railway Company X that indicated that these tasks were being performed. 
 
The results of the questionnaire and document analysis were compared against the literature 
review identified V&V best practices in order to identify and determine which V&V activities 
tasks were being performed or not performed as per table 9 in Chapter 4. The final 
comparison revealed that majority of the V&V activities related tasks were being performed 
because the results of the questionnaire and document analysis were found to be similar. 
There were some V&V activities that were also identified to need improvement because the 
comparison of questionnaires and document analysis revealed that some of the tasks of the 
V&V activities were not being performed. These V&V activities with related tasks that were 
identified to need improvement are then regarded as identified gaps within the railway 





Table 10: Identified gaps with the railway Company X V&V process 
Requirement V&V best practice 
activity 
Task 
Review requirements V&V activity Use external reviewers (independent reviewers to project) to 
conduct reviews. 
Maintenance and operation V&V 
activity 
Verify and validate system maintenance strategy with relevant 
stakeholders (e.g. maintainers) 
Verify and validate how the maintenance strategy imposes 
constraints on the system requirements 
 
5.4 Research conclusions 
The objective of this research paper was to identify areas of improvement in railway Company 
X’s requirement V&V process. The literature review that was conducted assisted in 
understanding the concepts of requirement V&V by providing clarity that they are continuous 
processes that need to be performed throughout the product development life cycle. The 
literature further assisted in identifying the requirements V&V best practices that are regarded 
as being effective in removing defects throughout the product development life cycle. The 
research methodology chosen to address the research objective and research questions 
were qualitative and quantitative approaches. 
 
Quantitative data was gathered and analysed to obtain respondents’ views with regards to 
the requirement V&V best practice activities identified through the literature review being 
performed in the railway company. Qualitative data was also gathered and analysed to also 
derive secondary evidence from railway Company X’s documentation that the identified V&V 
best practice activities were indeed being performed.  
 
From the analysis of the data that was gathered through a questionnaire and document 
analysis, it can be stated that railway Company X does perform requirement V&V according 
to requirements V&V best practices identified in literature. This is stated because respondents 
of the questionnaire are of the view that they perform the identified requirement V&V best 
practices. This view is also supported by secondary data analysis because there was 
evidence found that the requirement V&V activities are being performed. The top performed 
requirements V&V best practices were: planning for requirement V&V activity, acceptance 
testing V&V activity, and management of V&V results activity. There were also areas of 
improvement that were identified as per table 10 in the section above. This brings one to the 
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conclusion that the railway company does not have a problem of ineffective requirement 
verification and validation practices contributing to defective products being released into the 
operational environment. 
5.5 Recommendations  
As stated, there were areas of improvement that were identified as per table 10 above. The 
recommendations listed on table 11 below can be made to improve the railway company 
requirement V&V process to make it more effective. 
 
Table 11: Recommendations to improve V&V 
Review requirements V&V activity Maintenance and operation V&V activity 
 Bring in independent reviewers that are not 
directly involved in the project 
 Organise a workshop to emphasise the 
importance of involving external reviewers to 
requirement engineers and project managers 
 Project managers to provide for independent 
reviewers in project budget 
 
 
 Involve maintenance specialists at the 
beginning of product development when 
requirements are defined. 
 Ensure maintenance requirements are 
captured and built into the system early. 
Ensure the maintenance specialist sign off 
on the technical specifications to verify and 
validate that maintenance requirements are 
captured correctly. 
5.6 Study limitations 
This research paper was conducted using a case study which has limitations as detailed 
below: 
 The data collection method of using a questionnaire has issues of participants’ non-
response, only 36 out of the 106 sampled population responded. Hence, the results 
cannot be generalised to the rest of the organisation including non- participants.  
 The questionnaire also did not have an option for open ended responses whereby 
participants could provide their own comments and views with regards to the railway 
company V&V processes. 
 Qualitative data was only from document analysis, where missing data cannot be 
verified but could have been achieved if in-depth face to face interviews were done. 
76 
 
5.7 Future research 
As much as this research was focused on understanding requirement V&V from the 
perspective of the system acquirer, being the railway company, it is also important to conduct 
a similar research by conducting in depth interviews with the product developers or OEM in 
order to understand how they implement and perform requirement V&V to ensure they deliver 
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Appendix A: Cover letter  
Dear Colleagues 
I am an Engineering Management, Master’s degree student at the University of 
Johannesburg. I am conducting research on the verification and validation processes. The 
study focuses on determining how effective the current verification and validation processes 
is in acquiring and delivering quality products into railway operational environment. The 
findings will be used to identify arears of improvement within the current verification and 
validation processes. 
 
Your participation in completing the questionnaire is voluntary. You can decide not to continue 
with the questionnaire once started or decide not to participate without any penalty to you. 
The information provided by you will be confidential and your identity not revealed because 
there will be no emails, IP addresses and names captured. All the data collected is stored in 
a password protected database electronic link.  
 
The consolidated results will be published in a research report which are available on the 
University website for anyone interest to view. Your participation on the questionnaire is 
highly appreciated. The questionnaire is expected to 10 minutes to complete. 










Appendix B: Questionnaire 
Verification and validation activities are performed to obtain objective evidence that a system 
or product satisfies its requirements when in operational use in its intended environment. The 
activities identify anomalies (defects, faults) in various information items like; system 
requirements, conceptual; designs, stakeholder requirements, business or mission 
statements, training manuals and implemented systems during system development life 
cycle. When completing the questionnaire can you consider how the verification and 
validation activities were conducted during a recent technology implementation.  
 
Section A: Respondents profile 
 
1. How many years of experience do you have in railway technologies 
implementations?  
 Work experience Select appropriate option 
1 0 to 5 years  
2 6 to 10 years  
3 11 to 15 years  
4 15 to 19 years  
5 20 +years  
 
2. Please select the most appropriate selection that describes your role in 
technology implementation. 
 
 Role Select appropriate option 
1 Engineer  
2 Technician  
3 Technologist  
4 Project Manager  
5 Program Manager  
6 Maintenance Manager  









3. Please select the most appropriate selection that describes your work environment. 
 
 Work environment Select appropriate option 
1 Requirement definition, design and testing  
2 Maintainer/ Maintenance  
3 Project management  
4 User support  
5 Planning  
 
Section B: Requirement verification and validation activities 
 
4. Planning for verification and validation activity  
 
Planning for verification and validation involves determining the scope of work, schedules, 
roles and responsibilities, review and acceptance criteria for each requirement. In the table 
below, which of the statements best describes planning for verification and validation in your 
environment. 
 
Please rate your level of agreement with regards to the statements on the tables below. Please use the 
following rating scale: 
 


































































































Selecting system elements or products (e.g. system 
requirements, as built system) that must be verified or validated. 
 
     
Detailed the environment (real or simulated) to be used for 
verification and validation. 
     
Selecting the methods for conducting verification and validation 
(Methods: analysis, test, demonstration, inspection). 
     
Defining verification and validation strategy and acceptance 
criteria. 
     
Determining required resources for conducting verification and 
validation (e.g. qualified personnel, simulators, testing tools). 
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5. Review verification and validation activity 
 
Review verification and validation activity entails conducting peer or self-reviews to detect 
any defects that might be contained in; system and stakeholder requirement specifications, 
conceptual designs, test documents, training manuals, installation manuals. In the table 




Please rate your level of agreement with regards to the statements on the tables below. 
Please use the following rating scale: 
 












6. Acceptance testing verification and validation activity 
 
Acceptance tests are conducted by the product acquirer for the user in order to accept the 
system into operational environment based on compliance to the requirement 
specifications. In the table below, which of the statements best describes your opinion on 
how acceptance are conducted in your field. 
Please rate your level of agreement with regards to the statements on the tables below. 

























































Review of relevant documents (e.g. system requirements) to verify 
they are; complete, consistent, correct, readable, and testable. 
     
Used external reviewers (independent reviewers to project) to 
conduct reviews. 
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Never = 1, seldom = 2, sometimes = 3, often = 4, almost always = 5. 
 
7. Maintenance and operation verification and validation activity 
 
This activity confirms if maintenance and operational requirements are taken into 
consideration early during system development. In the table below, which of the statements 
best describes your opinion with regards to consideration of maintenance and operation 
requirements early during system development in your field. 
 
Please rate your level of agreement with regards to the statements on the tables below. 


























































There is involvement of relevant stakeholders (e.g. users, maintainers) during 
acceptance tests. 
     
Makes use of acceptance test procedures and test cases to accept system.      
 Acceptance tests are performed to verify produced system satisfies system 
requirements (e.g. technical) in the intended operational environment. 
 
     
Acceptance tests are performed to validate produced system satisfies 
stakeholder requirements (e.g. user’s needs) in the intended operational 
environment. 
     
System acceptance is obtained from relevant stakeholders (e.g. users) and 
satisfaction that the system solves their problem. 
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Never = 1, seldom = 2, sometimes = 3, often = 4, almost always = 5. 
 
 
8. Management of verification and validation results activity 
 
The management of verification and validation results activity ensures verification and 
validation results are recorded, analyzed and defect reports produced. In the table below, 
which of the statements best describes your opinion with regards to how results of verification 
and validation are managed during system development.  
 
Please rate your level of agreement with regards to the statements on the tables below. 
Please use the following rating scale: 



























































System maintenance strategy is verified and validated with relevant 
stakeholders (e.g. maintainers). 
     
It is verified how the maintenance strategy imposes constraints on the 
system requirements. 
     
It is validated if the system or product is installed correctly in operational 
environment. 
     
It is validated if maintenance manuals satisfies system and stakeholder 
requirements. 
     
It is validated if operating procedures satisfy stakeholder requirements 
(user needs). 










































Recording results and anomalies after each verification and validation 
activity (e.g. reviews, acceptance test). 
     
Recording operational issue and identified corrective actions.      
Producing defects reports found after each verification and validation 
activity. 
     
Signing off on the system elements or product baselines.      
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Appendix C: mean and standard deviation of requirement V&V tasks 
Table 12: mean and standard deviation of requirement V&V tasks 
Requirement V&V task Minimum Maximum Mean Std. 
deviation 
Planning for verification and validation activity 
Selecting system elements or products (e.g. system 
requirements, as built system) that must be verified or 
validated. 
2 5 4.22 .681 
Detailed the environment (real or simulated) to be used for 
verification and validation. 
2 5 4.17 .775 
Selecting the methods for conducting verification and 
validation (Methods: analysis, test, demonstration, inspection). 
1 5 4.36 .798 
Defining verification and validation strategy and acceptance 
criteria. 
3 5 4.33 .676 
Determining required resources for conducting verification and 
validation (e.g. qualified personnel, simulators, testing tools). 
3 5 4.53 .560 
Review verification and validation activity 
Review of relevant documents (e.g. system requirements) to 
verify they are; complete, consistent, correct, readable, and 
testable. 
3 5 4.33 .756 
Used external reviewers (independent reviewers to project) to 
conduct reviews. 
1 5 2.61 1.103 
Acceptance testing verification and validation activity 
There is involvement of relevant stakeholders (e.g. users, 
maintainers) during acceptance tests. 
1 5 3.69 1.037 
Makes use of acceptance test procedures and test cases to 
accept system. 
3 5 4.22 .681 
Acceptance tests are performed to verify produced system 
satisfies system requirements (e.g. technical) in the intended 
operational environment 
3 5 4.39 .599 
Acceptance tests are performed to validate produced system 
satisfies stakeholder requirements (e.g. user’s needs) in the 
intended operational environment. 
2 5 4.11 .747 
System acceptance is obtained from relevant stakeholders 
(e.g. users) and satisfaction that the system solves their 
problem. 
2 5 3.92 .732 
Maintenance and operation verification and validation activity 
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Requirement V&V task Minimum Maximum Mean Std. 
deviation 
System maintenance strategy is verified and validated with 
relevant stakeholders (e.g. maintainers). 
1 5 3.50 1.000 
It is verified how the maintenance strategy imposes constraints 
on the system requirements. 
1 5 3.42 .996 
It is validated if the system or product is installed correctly in 
operational environment. 
2 5 4.08 .806 
It is validated if maintenance manuals satisfies system and 
stakeholder requirements. 
2 5 3.75 1.025 
It is validated if operating procedures satisfy stakeholder 
requirements (user needs). 
2 5 3.92 .874 
Management of verification and validation results activity 
Recording results and anomalies after each verification and 
validation activity (e.g. reviews, acceptance test). 
3 5 4.25 .732 
Recording operational issue and identified corrective actions. 2 5 3.94 .791 
Producing defects reports found after each verification and 
validation activity. 
2 5 4.08 .806 




Appendix D: Qualitative data analysis 
Table 13 below presents the documents that were used for secondary data analysis. The 
documents were either produced by the railway Company X or the original equipment 
manufacturer (OEM). 
Table 13: List of documents used for secondary data analysis 
Document name Document 
number 
Reference  
Integrated system display (ISD 
open screen) 
BBD 8639 version 
3 
Technical specification 1 




BBF 5060 version 
1 
Technical specification 2 
Locomotive data acquisition 
system (DAQ) 
BBF 9299 version 
1 
Technical specification 3 
Headless train communication 
system 
BBG 2090 version 
1 
Technical specification 4 
Acceptance Test Procedure 
(ATP) for the Headless Train 
Communication System 
(HTCS) Application Software 
236071-100000-
601 003 issue 2 
ATP document 1 
TRITON system acceptance 
tests results and 
signoff 
BBC 8382 version 
2 
ATP document 2 
Acceptance Test Procedure 
(ATP) for the Integrated 
System Display (ISD) 
Software 
236039-020000-
601 issue 2 
ATP document 3 
New ISD Batch Field Test 
Report 
BBH 2152 version 
1 
Field test document 1 
OBC interface to class 22e 
electrical locomotive TCMS 
(11.05 production software) 
BBH 3498 version 
1 
Field test document 2 
Integrated on-board 
operational system (IOOS) 
maintenance support 
processes 






Document name Document 
number 
Reference  
TCS In-Service Failure 
Correction Plan 
236081-100000-
256 001 Issue  1.0 
OEM fault log and 
correction plan document 
1 
Technical manual for the 




OEM technical manual 
Installation Manual 236071-100000-
804  Issue 1.2 
OEM equipment 
installation  manual 
Software User Manual (SUM) 
for the HTCS2 Client Software 
236071-100000-
805 – Issue 1.2 
OEM user manual 
 
Table 14 below presents V&V tasks as extracted from railway Company X as documents. 
 
Table 14: V&V tasks extracted from document analysis 
Document 
Type 





The tenderers shall be responsible for the execution of evaluation tests. The 
minimum tests performed shall be those determined by mutual consent between 
Transnet Freight  Rail and the tenderers.e.g. Environmental tests at GEROTEK. 
Planning for 
V&V activity  
 
Transnet Freight Rail shall appoint personnel to prescribe the minimum quality 
controls for production and rollout. 
Planning for 
V&V activity  
 
The contractor will be required to pass through a number of  stages: 
 
1. Technical approval – largely to determine if the product/service meets the 
technical requirements.  
2. Conditional approval - at this stage it is known that the product/service meets 
the requirements.  
3. Full approval – when all the requirements are being met, including those 
concerning the operation of the appropriate management system, and the 
commercial arrangements have been agreed. 
Planning for 
V&V activity  
 
 
The successful contractor(s) shall be responsible to draft an Acceptance Test 
Procedure (ATP) and submit this for approval. 
Planning for 
V&V activity  
 
 
The tests shall be executed according to the ATP in order to test the functionality 





V&V TASK from Railway company Requirement 
V&V activity 
 
The tests shall firstly verify correct operation under normal conditions. The 
tests shall then be repeated using data with known fault content to verify the 





















This document is the Acceptance Test Procedure (ATP) for the software covering 
















3 VERIFICATION  
This section details the test preparations and consequently the tests for verifying 
each individual requirement. 
 
Test Setup   
Prepare the following before acceptance testing:   
Have a Headless-TCS ready or a simulated HTCS  ·  
Have a working Triton system ready   
 Have a working ISD with attached cradle / handset ready. 
 
Planning for 
V&V activity  
 
The system will be tested with a train trip between Ogies & Richardsbay for 
the Coal line and between Saldanha &  Sishen for the Ore line  · Ensure the 
relevant BOF is up and running  · Ensure that all PDT’s are up and running.  
 








Test preparation and installation: 
Install HTCS into communication cubicle. 
Install SIM card into HTCS. 
 Ensure that all HTCS cables: (a) power, (b) HDLC, (c) antenna and (d) LAN 
are connected. 
Ensure that all personnel have completed the induction process and are wearing 
required PPE. 













ATP document  
2 
This document describes all the hardware and software changes made to the 
Triton unit since the last signoff (BBC 8382 Version 1), and the related testing 





Several hardware and software design modifications have been made to the 
TRITON cab unit in an effort to increase its reliability and availability. These 
modifications have been tested over a prolonged period in the field (on board 







Testing of compliance to the original specifications meets all the major and 
critical requirements (See Appendix A). 
 
The conclusion is that technically the hardware and software configuration of the 
TRITON unit as tested in this document provides a stable and reliable platform 
that meets all the requirements currently to function as an on-board 












Preventative maintenance shall be reduced to the minimum. Any required 





During preventative maintenance, any component on site shall not require more 
than 30 minutes of work, averaged over the whole installation for one maintenance 
cycle. 
An Engineering Technician executes first line maintenance with specific 
training in the  functional operation of the system at unit level 
An Engineering Technician executes second line maintenance with specific 
training in the operation of the system at component level. The level of support 




This document provides all relevant resources required to handle faulty 
integrated on-board operational systems (IOOS). The contents here-in are 
based on the current fault logging processes for TRITON, OBC, TCS, and 
Telemeter. These processes consist of three aspects; firstly, all relevant 
stakeholders involved in reporting and repairing IOOS faults are identified. 
Secondly, stakeholder expected duties are provided and lastly, the sequence 
in which the tasks are executed is provided.  
 
The objectives of this document is to address the following questions;  
1) How will IOOS be maintained?  
2) Who is responsible for diagnosing and repairing IOOS faults?  
3) Which spares are required to handle IOOS faults and who is responsible for the 







1.7 Summary of Results  
The testing period was over a period of two months, this is due to issues that were 
picked up and needed to be addressed by ETION. The major issues picked up 
were:  
 ISD’s not reading the TCS handset serial number  









These issues that were picked up were manged to be addressed by the ETION 
during the testing period. 
Field test 
report 2 
2.4 Summary of results  
2.4.1 From the above table, there appears to be a general delay of 
approximately 3s for hooter operation in the OBC.  
2.4.2 The sanding operation was not detected on the OBC artisan screen, 
although it was observed on the uDAQ sniffer application.  
2.4.3 With respect to traction percentage, the values representing the amount of 
traction percentage were displayed in the correct field on the OBC artisan screen 
and correctly with green colour coding. 




This document presents the activities, milestones and document 
deliverables associated with the investigation and identification of the 
root causes associated with the in-service failures experienced with 
the “Headless TCS” on the TFR coal line. The steps defined herein are 




Figure 21:  record of operational fault 
Management of 
V&V results 
activity 
 
 
 
 
